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PREFACE 


The experience derived from many years’ laboiatory teaching has led us to 
believe that the following course of Quantitative Analysis will bo useful to 
chemical teachors and students and to analysts. 

It will be seen that the scheme oidinarily adopted has not been modified 
to any considerable extent, but an attempt has been made to introduce 
recent methods and apparatus. 

It has also been our endeavour to render the doscnptions of methods and 
processes as intelligible as possible. We have accordingly carefully mtio- 
duced all necessaiy pi ache a 1 details, and have illustrated the text by numoious 
ongmal engravings. The book has at the same time been kept within mode- 
rate dimensions by omitting unnecessary theoretical mattei, and by insetting 
only typical useful and well-acei edited methods instead of attempting to 
descnbe all the different piocesses m use. 

The analytical processes described in the text have been lepeatedly carried 
out by our students, who have supplied many of the results of analysis which 
appear in paragiaphs 940-974. 

We have freely used the standard tieatisos, monographs and original 
memons on the subjects ticated of, and have recommended the student to 
refer to these souices of information foi further details. A list of the more 
important woiks of refcience will be found in paragraph 1021. 

The book is intended to supplement rather than to replace oral instruction 
and demonstration by the teacher ; but it is confidently anticipated that it 
will, in a somewhat unusual degiee, diminish the tutorial work of the teacher 
and remove the practical difficulties of the student. 

The subject-matter has been arranged m eight principal Parts, which 
are subdivided into eighteen Sections. 

Part I. deals with the various Preliminary and General Operations which 
are employed in analysis, such as the Use of the Balance, the Determination 
of certain Physical Constants, the Preparation of Substances for Analysis, 
the Ordinary Processes employed in Analysis, and the Preparation of Pure 
Substances ; General Rules to be observed m Working and in the Entry 
of Work are also appended* 
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Part II. is devoted to Gravimetric Analysis. Descriptions are given of 
the most important Simple Gravimetric Estimations, together with others of 
less importance which are distinguished by being printed in smaller type. 
Those determinations which resemble one another have been classed together, 
an arrangement which has been adopted in order that unnecessary repetition 
in description may be avoided, and the greatest convenience in reference may 
be secured. The analytical methods have generally been placed in the order 
of their increasing difficulty. 

Part III. treats of Volumetric Analysis. It commences with an account 
of the Measuring Vessels used for liquids and their Calibration, and of the 
preparation of Standard Solutions. Various processes for the Volumetric 
Estimation of simple substances are then described, and these are grouped 
in such a way as to associate those estimations which are made by means 
of the same solution or which depend upon similar chemical reactions. 

Part IV. contains descriptions of more Complex Quantitative Estimations. 
Some of these are Gravimetric, others Volumetric, and others again are 
mixed in their character. These processes are selected as being typical. 
They represent m the main those which a student should carry out in order 
to get a useful knowledge of quantitative methods for scientific and technical 
purposes, and include tho Analysis of Ores, of various Industrial Products, 
and of Water and Food, and the Examination of Oils, Fats and Waxes. 

Part V. describes the processes ot analysis of Organic (Substances, and 
explains mothods for the determination of Molecular Weights 

Part VI. treats of Gas Analysis. It has been restricted in its scope to the 
more simple methods, many of which are now commonly applied to technical 
purposes. The omission of the more elaborate methods has been decided 
upon, partly because an abstract of such processes is almost useless and a 
full description would have added to the dimensions of the book somewhat 
seriously, and partly because admirable accounts of these methods are at 
the disposal of the student in several of the standard works referred to in 
paragraph 1021. 

Part VII. contains certain Typical Results of Analyses. It also contains 
a series of Tables of Constants required for calculating percentage results from 
the numbers obtained by analysis, Tables of the Specific Gravity and corres- 
ponding percentage composition of diluted alcohol and of solutions of the 
common acids and alkalis, and tabulated characteristics of oils, fats and 
waxes. It concludes with Tables of Weights and Measures and of four-figure 
Logarithms, and some useful Memoranda. 

The Atomic Weights which are given m paragraph 980 are those which 
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are reoommended for the year 1913 by the International Committee on Atomic 
Weights. 

Part VIII. furnishes descriptions of the Preparation of Gases, of the use of 
Compressed Gases, and of the Distillation of Water. It concludes with Lists 
and particulars of the Special Apparatus and Chemicals which are required 
for the processes referred to in the book, and with a list of useful Books of 
Reference. 

An Index to the Processes of Separation contained in the text precedes 
the General Index. 

It will be noted that the dimensions and capacities of vessels and 
apparatus are stated on the metric or decimal system ; but the tables 
of metric and English equivalents, and the means of conversion given on 
pages 72, 525 and 526, will remove any difficulty arising from want of fami- 
liarity with the metric system which is now invariably adopted for scientific 
purposes. 

It will also be noted that the terms hydroxide and hydiate are used 
indifferently for the compounds of metals with hydroxyl. 

The text has agam undergone a careful revision in the preparation of the 
tenth edition, and this has led to the elimination of errors, and the intro- 
duction of much new matter, which includes a new form of oven for drying 
at constant temperature ; the analysis of commercial aluminium and bauxite ; 
additional methods for the estimation of titanium in iron-ores, of phosphorus 
and manganese m non and steel, and of moisture m coal ; and a recent 
method by Bliclifeldt for the detection and estimation of foreign fats in butter. 

Among the many colleagues and friends who rendered us valuable 
assistance in bringing the book up to date, and in descubing well tried and 
important new method*, were Dr. J. C. Crocker, Mr. W. A. Naish, A.R.S.M., 
and the following Fellows of the Institute of Chemistry : Messrs. E, R, 
Andrews, J. H. Coste, W. T. Rigby and E. T. Shelbourn. 

F. C., 

J. B. C. 

London, November 1913, 
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PART I. 

GENERAL PROCESSES 


SECTION I. 

THE CHEMICAL BALANCE. WEIGHTS 
AND WEIGHING. 

The thick numbers inclosed in brackets in the text refer to paragraphs. 


In the execution of quantitative analysis, the operation of accurate 
weighing requires to be constantly carried out. Hence it is essential that 
the student should become familiar with the use of the chemical balance, which 
is employed for this purpose. A convenient form of chemical balance, and 
the method of using it, are described below. 

The Balance. 

I. The Chemical Balance represented in Fig. 1 consists essentially 
of a rigid beam which is supported near to and slightly above its centre of 
gravity. Upon either end of the beam, and equidistant from its centre, the 
scalc-pans are suspended. 

In order to dimmish the friction of the woiking parts at the points of 
support and of suspension, there arc let into the beam three agate knife-edges 
which work upon agate planes. The beam and the pans are supported by 
these edges upon the planes. 

When the balance is not m use, the beam is lifted from the knife-edges 
and is supported by a T -shaped rest ; the pans are also supported. 

Both the beam and the pans are usually released by the rotation of a 
di*c with milled edge in the front of the balance-case. 

Attached to the bottom of the balance-case arc three or more set-screws, 
which enable the balance to be adjusted to a perfectly horizontal position. 
This adjustment is ascertained by observing a spirit-level on the floor of the 
balance-case, or by a small plumb-line near the pillar. 

The beam of the balance is commonly graduated in ten equal divisions, 
and a 10-milligram rider (6) is used for weighing fractions of milligrams. 

1 1 
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2 

The beam is, however, often divided differently and riders of different 
we ghts are used. The shorter the beam is the more rapid will be ifca 
swings. 

Fine screws carrying small brass nuts project from the ends of the beam ; 


Fig. 1. 



The Chemical Balance. 


the horizontality of the unsupported beam can be secured, when necessary, by 
the rotation of these nuts (7). 

2. The Balance is inclosed in a Glass Case provided with balanced 
sliding glass sashes at the front and tlio back, and with hinged side doors. 
This case shields the balance from dust, and hinders the access of acid 
fumes and of moisture. It also prevents air-currents from disturbing the 
scale-pans during weighing. The balance should bo kept in a room which is 
as free as possiblo from acid fumes and from damp and is not subject to great 
changes of temperature. As a further precaution, a jar partly filled with 
small pieces of calcium chloride, or with pumice wetted with strong sulphuric 
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acid, should stand inside the balance- case. These absorbents of moisture 
must bo renewed from time to time. 

3 . The Support on which the Balance rests must bo free from vibra- 
tion. It may consist of a slate or stone slab, resting on pillars which are let 
into the foundation of the building and are put of contact with the floor. 



Box of Weights. 


The slab may be more simply isolated from the vibrations of the floor by 
being supported by brackets firmly attached to the wall. 


The Weights. 

4. The Weights, which are almost exclusively used by chemists^ are those 
of the French or Metric System, in which the gram is taken as the unit. The 
convenience of this decimal system is obvious ; for not only is there a simple 
■relation between the unit of weight and the units of length and of capacity ; 
but the different denominations in weight, being related by multiples and 
submultiples of ten, conform to our numerical notation, and therefore render 
entry and chemical calculations very easy. 

The weights, from one gram upwards, are usually made of brass (Fig. 2). 
They are cylindrical in shape, and are provided with a narrow stem, by means 
of which they may be lifted. This stem is grasped by a small brass forceps. 
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and not by the hand. The smaller weights, from 0 5 gram downwards, are 
made either of platinum, or of aluminium foil or sheet. The low specific 
gravity of aluminium renders it possible to use a greater volume of the metal, 
and therefore permits of the weights being comparatively large and thick. 
Aluminium weights are consequently more easily handled, and are less liable 
to be bent or folded, than those of platinum. These smaller weights are 
square in shape, and usually have one corner turned up to be grasped by 
the forceps. 

An ordinary set of weights, together with a forceps for lifting them, are 
shown in Fig. 2, contained in the usual velvet-lined box. The separate 
weights, however, differ in value in sets made by different makers, as will 
be seen by comparing the values of weights shown in the box with those 
represented in Fig. 3. 

5 . The Process of Weighing is much Facilitated by permanently 
removing the weights from the box and keeping them on the front of the 

floor within the balance-case. They are placed on a 
piece of stiff cardboard (Fig. 3), which is ruled into the 
same number of spaces as there are weights. Each of 
these spaces is covered by a weight, the value of 
which has been previously written within the square. 
Accordingly, when the weights which are requisite for 
counterpoising any substance have been removed 
from the card and placed upon the scale-pan, their 
value may be read off from the uncovered squares left on the card. 

6 . The Bider is a piece of wire bent as is shown in Fig. 4. It is made 
either of gilded biass or of aluminium, and its form enables it to bestride 

the graduated beam of the balance, and to remain 
on whatever part of the beam it is placed. The 
rider is moved from one position to another by an 
arm which passes through the balance-case and is 
moved from the outside. Milligrams and fractions 
of milligrams are usually registered by means of 
the nder. 

Centigram and 12-milligram riders are in common 
use, but nders of other weight are also employed. 

When the centigram rider is used, the beam of the balance is divided 
by ten main equidistant graduations, each of these spaces being further 
subdivided into ten. Each main division therefore corresponds to I milli- 
gram, and each minor division to the tenth of a milligram 

When the 12 milligram rider is used, the beam is divided into twelve 
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main divisions, the intervening spaces being divided into tenths as before. 
The position of the rider is thus easily adjusted for fractions higher than 
9 milligrams and lower than 11 milligrams ; but in many modern balances 
the whole scale of ten divisions is made equally accessible to the rider. 


Adjustment and Testing of the Balance. 

The Balance should be adjusted, and its accuracy ascertained before 
commencing analytical work. 

7* The Balance is Adjusted as follows: 

The balance and its case are first made to assume a horizontal position by 
pieans of the levelling screws. This adjustment is satisfactory when the 
bubble of air in the circular spirit-level occupies the central position. 

The scale-pans and the beam are then set free from their supports. A 
gentle oscillatory movement is usually imparted to the beam of the balance 
by the removal of its support. A slight fanning movement of the hand over 
one of the pans will, however, serve to start the oscillation, if necessary. 
The lower end of the pointer or index attached to the beam will now swing 
to and fro over several divisions of the ivory scale. If the pointer is found 
to oscillate through an equal number of divisions on each side of the zero of 
the scale, the balance is in adjustment. 

If the spaces described by the pointer on each side of the zero of the scale 
are unequal, a further adjustment must be made by turning the small nut 
at the end of the beam, or the vane in the centre. 

The observations described in paragraphs 8 and 9 are then made. 

8. Delicacy or Sensitiveness of the Balance.— -The speed of oscilla- 
tion of the pointer is noted. The slower the oscillations the greater is the 
sensitiveness of the balance to small differences of weight, and vice versd . If 
the sensitiveness of the balance is great, the rate of oscillation will be unduly 
slow, and the operation of weighing will become tedious. 

The oscillations of the pointer become slower as the centre of gravity of 
the beam approaches more closely the axis of its suspension. Most balances 
have, attached to the central portion of the beam, a screw which carries a 
nut. By adjusting this nut, the distance between the centre of gravity and 
the suspension-axis of the beam can be varied at will. This will alter the 
sensitiveness or delicacy of the balance. 

When a milligram weight is placed on ono of the pans of an adjusted 
balance, and the beam is liberated, the pans should be shown to be out of 
equilibrium by the swings of the pointer. A delicate balance will be affeoted 
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in this way by 0*1 milligram, but for ordinary purposes it is sufficient if the 
balance is sensitive to 0*2 milligram. 

The delicacy of the balance may be tested by placing a milligram weight 
on one pan, and balancing this by means of the ndei on the beam upon the 
other side. The rider is then moved gradually along the beam until a dis- 
tinct deflection of the pointer is noticed, the movement of the beam being 
checked by its suppoits while the lider is being moved. 

The effect of increasing the load on tho pans of an ordinary balance is 
to slightly diminish its sensitiveness. But when the maximum weight which 
the balance can cany is placed oil both pans, the addition of a milligram 
should have neai ly the same influence upon the swings of the pointer as 
when tho pans were empty. 

9. Accuracy of Construction of the Balance — If the weight of tho 
same body is ascei tamed several times in succession, the balance should 
indicate equilibnum oveiy time, if tlic contents of the pans lemain unchanged. 
Faulty construction of the knite-edges will cause diflei cnees to appear in the 
successive weighings. 

When each pan of tho balance is loaded with equal weights — say with 
50 grams — and equilibnum is seemed, if necessaiy, by tho addition of small 
pieces of tin-foil on one pan, the equilibnum should bo maintained when 
tho loads are changed fiom one pan to the other If equilibnum is not 
maintained when the pan-loads are exchanged, the arms of the balance are of 
unequal length. 


Testing tiie Weights. 

The Weights, which aie to bo used in analytical operations, should be 
tested m older to ascei tain whether their relative values are concct. For 
most operations it is sufficient if tho relative values of the weights aie conect, 
and it is not essential that each weight should possess its true absolute value. 

10 . The Weights are Tested in the following way : A one-gram weight 
is nenily balanced with brass-clippings, and tho counterpoise is finally 
adjusted by the addition of small pieces of tin-foil. The original gram weight 
is then removed and is replaced by another one-gram weight; the counter- 
poise must still bo tiue. The thud gram weight is tested in the same way. 

The two-gram weight is then balanced against two of the onc-giam weights 
which have been already tested; the five-gram weight is tiled against tho 
tw r o gram and the three one-gram weights, and so on. 

The fractions of the giam aie then compared with one another in a similar 
manner, and aie finally computed with the giam weight. 
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If the weights are correct in relation to one another, the counterpoise in 
all the above cases, and in all similar cases of nominally equal values, should 
be absolutely true. If the weights are found to be mconect, they should be 
readjusted by the makci. 


Tiie Process of Weighing. 

There are two methods m common use for determining the weight of a 
substance in air — the Direct Method, and the Method of Substitution. 
The result thus obtained must bo conectcd if the Absolute Weight is required. 

11. Direct Weighing — In this process the substance is placed upon 
the left-hand scale-pan, and the counterpoising weights are placed upon the 
right. The weight of the substance is assumed to be equal to the weights 
which act as a counterpoise. 

This method is expeditious and is the one in common use. Its indications 
are conect if the balance answers satisfactonly to the tests desenbed in 
paragraphs 7~9- But if the aims of tho beam are of unequal length, or if 
the balance is not in peifect adjustment, the true weight of the substance is 
not indicated by this method. This is usually of no consequence in any one 
series of weighings, since tho r dative weights of the different substances and 
not their true weights aie requited. Tho lclativo weights will bo conectly 
given, piovided the difloient substances aie always placed upon the same 
scale-pan, and the condition of the balance lemains unaltcied between the 
successive weighings of the senes. 

12. Weighing toy Substitution on any balance gives tho correct weight of a 
body in air. In this method the body is countei poised as befoie. It is then 
removed fiom the scale-pan, and weights aro substituted for it which are in exact 
equilibrium with those already placed upon tho other pan Tho weights thus 
substituted for tho substance will repiescnt the true weight of the substance m air, 
oven when tho balance has not previously been adjusted to equilibrium, and when 
the arms are not of equal length 

13. Absolute Weight — Since the volume of the body weighed usually differs 
from that of tho weights which counterpoise it, diffeient volumes of air are dis- 
placed by the substance and by the weights Hence a body which has been 
countei poised by weights in air would not usually remain in equilibrium with the 
same weights when tho balance is in vacuo The diffcience between the result 
obtained by weighing a body m air and that obtained by weighing it in vacuo is 
usually so slight that it may be neglected in ordinary analytical operations. 

The absolute weight of tho substance 111 vacuo can be mdnectly obtained, if 
necessary, in the following manner : The weight of tho volume of air displaced by 
the weights must be subtracted from the weight of the volume of air displaced by 
the substance, and tho number thus obtained must be added to or subtracted from 
the weight on the scale-pan, accoiding as the dilleicnce is io*iti\e or negative. 
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Directions for Weighing. 

14. The Following Buies should be attended to during the operation 
of weighing : 

1. After the balance has been levelled ( 7 ), ascertain that the scale-pans 
and the floor of the balance-case are perfectly clean. If necessary, carefully 
cleanse these surfaces with a large camel’ s-hair brush, which should be kept 
in the balance-case for the purpose. 

2. Then gently release the pans and the beam ( 7 ), and if the beam is not 
caused to oscillate by its release, start its motion by a fanning movement of 
the hand over one of the pans. The pointer must oscillate through oqual 
spaces on each side of the zero of the scale ( 7 ). 

This preliminary adjustment is unnecessary if the weight of the substance is 
obtained by difference or by substitution. Thus, if it is required to neigh out 
accurately about one gram of a powdered solid, the solid is put into a weighing 
bottle, or into some other convenient vessel, and the bottle and the substance are 
accurately weighed together About a gram of the powder is then shaken out, 
and the vessel is again weighed. The difference between the fiist and second 
weighings will give the weight of the powder shaken out In cases similar to this 
it is not necessary to attend to the previous adjustment of the beam to exact 
equilibrium. 

3. The substance should be mvaiiably placed on the left-hand pan, and 
the weights are then aftcrwaids placed by the forceps on the ught-hand pan. 
This ensures the convenience of putting on, changing, and removing the 
weights by the right hand, the beam being leleascd from its support by the 
left hand. 

4. The weights should be placed on the pan in systematic order. It is 
best to commence with a weight which is judged to bo somewhat too heavy. 
If this is found to be the case, lower weights of the same denomination are 
tried in succession, until equilibrium results or the weight is somewhat too 
small in amount. If the weight is too small the weights of the next lower 
denomination should bo added to it m the same systematic order. This 
method will be found much more expeditious than that of selecting the 
weights at random. The milligrams and fractions of a milligram are usually 
determined by the use of the rider. 

5. The near approach to equipoise of the substance and the weights is 
judged by observing the swings of the pointer over the graduated scale. 
Consecutivo swings to the right and to the left must finally be equal in extent. 

6 . The balance-case should be closed while the rider is being used, and 
the final observation of equilibrium must be always conducted with the case 
closed 
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7. The weights must never bo handled with the fingers, but should always 
be lifted with the forceps. 

8. During the transfer of the weights, or the addition or removal of the 
body weighed, the motion of the beam and of the pans should invariably be 
arrested. This prevents the unnecessary wearing of the knife-edges by 
violent oscillation. 

Some further precautions, which must be attended to when a body is to 
be weighed, will be found in paragraphs 1 6 and 1 7 . 

15- Entry of Weight. — As soon as a weighing is completed and an 
exact counterpoise has been secured, careful entry of the weight of the sub- 
stance should be made in the Note-book. The best plan to secure accuracy 


Fig. 5. Fio. 6. Fig. 7. 



Vessels for Weighing. 


in this entry is to write down the total value of the weights upon the pan, 
by noting the numbers on the uncovered spaces on the card (Fig. 4, p. 4). 
This entry is then checked by noting the value of each weight as it is returned 
to its proper position on the card. 

16 . A Substance should not be Placed Directly on the Scale -pan, 

but should, as a rule, be weighed in a suitable vessel of glass, of porcelain, 
or of platinum. A small crucible or evaporating basin, a clock-glass, or a 
watch-glass, is a suitable receptacle for a substance which is not affected by 
the air while it is being weighed. But hygroscopic, efflorescent, and volatile 
substances, and all substances which gain or lose in weight by exposure to 
the air, must be weighed in closed vessels, such as are represented in the 
above figures. 

The ordinary stoppered weighing-bottle is seen in Fig. 5. A pair of watch- 
glasses, ground flat at their edges, and held together by a clamp of hardened 
brass, are represented in Fig. 7 ; they form a convenient receptacle for hygro- 
scopic substances. Fig. 6 shows a pair of thin glass tubes, one of which fits 
closely within the other ; these are often used for weighing dried folded 
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filter-papers. A small beaker with a suitable glass cover is usually more 
convenient than these tubes. 

17. A Substance should never be Weighed while it is much 
Warmer or Colder than the Air in the Balance case, else it will appear 
to be lighter or heavier than it should be. This is due to two causes. 

First, tli 3 hot body causes an ascending movement of air around it, and 
the air which flows in to take the place of that which has risen tends to raise 
the scale-pan ; a body which is colder than the air, on the other hand, pro- 
duces a downwaid air-cunent upon the pan, which tends to depress the pan. 

Secondly , eveiy substance tends to condenso moisture from the air upon 
its surface ; but the amount of moisture thus condensed diminishes as the 
temperaturo of the substance is raised, and mci eases as the tempeiature of 
the substance is reduced. 

A body should tlioiefore not only be at the tempeiature of the air, but 
should have been allowed to cool 111 a desiccator (62) if it is to give its truo 
weight on the balance. 

Experiment 1 —Carefully clean and diy the pan of watch-glasses and clamp 
(Fig 7), and weigh them first by the direct method and then by tho method of 
substitution Register tho former weight in the Note book Cover the glasses 
with a diy, clean beaker, or put thorn into a desiccator and lcseive them for futuie 
use. 

Ascertain in a similar way tho weights of tho bottle (Fig 5) and of tho tubes 
(Fig 6), and carefully legistei these weights m tho Note-hook. Keep tho bottle 
and tubes covered and clean until they aio requuod foi use. 
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DETERMINATION OF RELATIVE DENSITY OR 
SPECIFIC GRAVITY, MELTING-POINT, AND 
BOILING-POINT. 


In connection \v ltli the chemical examination of substances it is frequently 
necessary to deteimine ccitam of tlicir physical propci ties with piecision. 
Processes for dctcimimng Relative density 01 Specific giavity. Melting-point, 
and Boiling-point aio described in this Section ; the determination of 
vapour density will bo found m paragraphs 920-928. 

Relative Denslty, or Specific Gravity. 

28. Relative Density, which is frequently called specific gravity or 
density, may be defined as the ratio between the weights of equal volumes 
of two substances, one of which is taken as the standard or unit The accepted 
standaid for solid and liquid substances is distilled water at 4° C. 

Accoulingly, the relative density of a solid 01 liquid is obtained by dividing 
the weight of the substance by the weight of an equal volume of distilled 
water at 4° C. 

It is usually moie convenient to determine relative density at 15*5° C. 
than at 4°, and this temperatuie is accoidingly selected for the purpose in 
ordinary cases. 


Determination of tiie Density of a Solid Substance. 

29. Solid Substances Heavier than, and Insoluble in, Water. — 
The substance is first weighed in an m the ordinary manner. It is then 
suspended from the beam of the balance by a fine light hair or fibre. The 
weight of the substance is now again taken while it is immersed in distilled 
watei at 15*5° C., caie being taken that its suiface is free from adherent 
air-bubbles. 

The Removal of Air-bubbles may generally be effected by applying a 
camel's-hair brush to the suiface of the solid after it has been lmmeised in watei 
In older to remove the internal ait from a porous substance, howcvei, it is neces- 
sary to immerse the substance in boiling water fot some tune, or to place the 
vessel containing the immersed substance undei the receiver ot an aii-pump and 
exiiauot the air. 


II 
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SPECIFIC GRAVITY OF A SOLID, 
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A convenient arrangement for weighing the substance in water is shown 
in Fig. 8. 

A small wooden bridge is placed over the left-hand scale-pan of the balance ; 
this bridge serves as a support for a beaker of distilled water. The sus- 
pending hair or fibre is hung by a loop upon a second hook beneath 
the one which supports the scale-pan. The removal of the scale-pan, 
which would destroy the equilibrium of the balance, is thus rendered 
unnecessary. 

The density of the solid is obtained by dividing the weight of the body 
in air, by the loss of weight which it sustains in water. Thus : 

If W as Weight of solid in air, 
and Wj = Weight of solid in water, 

W 

then its specific gravity _ yy • 

Example. — In an actual experiment, a 
piece of brass weighed in air 16*765 grams, 
and in water 14*692 grams : 

Hence its density -« 

16*765 16*765 

„ Q.0QQ 

16*765 - 14*692 2*073 

Experiment 2. — Determine the specific 
gravity of a crystal of Iceland spar, or of 
calc-spar, in the manner described above. 

30. Solid Substances Lighter than, 
and Insoluble in Water. — The solid sub- 
stance is weighed in air. It is then attached 
by means of a fine silk-thread to a solid, 
which is sufficiently heavy to sink the lighter body in the water. The 
weight of this “ sinker,” while it is immersed in water at 15*5° C., is 
determined : and the combined weights of the solid and the sinker, while 
they are attached to one another and immersed in water at 15*5° C., are also 
determined. These data will suffice for calculating the density of the sub- 
stance. Thus : 

If W = Weight of the substance in air, 

L = Its loss of weight in water, 

S = Weight of sinker in water, 

C = Combined weights of substance and sinker in water, 

W W W 

then the density = L = w - (C - S) " W^CTS 


Fia. 8. 



Weighing in Water. 
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Example. — Thus a piece of paraffin- wax was found to weigh in air 18*45 
grams ; the weight of the sinker in water was 49 30 grams ; the combined weights 
of the sinker and wax in water were 47 45 grams : 

18*45 18*45 

Hence .to density - ^ M + 4(J 3Q = W - 0-909. 

Experiment 3 — Determine the density of a piece of paraffin-wax, using as a 
sinker the piece of Iceland spar, the specific gravity of which was determined in 
Experiment 2. 


31. Solid Substances Soluble in Water.— The substanoe is first 
weighed in air. It is then weighed in a liquid in which it is insoluble. The 
density of this liquid must be known, and is determined, if necessary, accord- 
ing to the directions given in paragraph 33 . 


Then if W = Weight of substance in air, 

W x = Weight of substance in the liquid, 
and L = Density of the liquid ; 

W 


the density of the substance in relation to the liquid is - 


W - W, 


but the density of the liquid : the density of water : . L : 1 
hence the density of the solid compared with water = 


W 


w - w/ * L> 

Example. — A piece of loaf sugar was found to weigh 6*012 grams m air, and 
in mineral naphtha (density 0 748) its weight was found to be 3 126 grams. 

6 612 


Hence its density » 


6*612 - 3*120 


x 0 748 = 1*418. 


Experiment 4. — Determine the density of a lump of sugar by weighing it 
first in air and then in petroleum of known specific gravity. 


32. Solid Substances in the state of Powder.— Occasionally it 
happens that the solid substance, whose density is to be deter- 
mined, is in the state of powder. In such a case a suitable 
bottle (Fig. 9) is weighed. The weight of distilled water at 
15*5° C,, which the bottle contains when it is exactly filled to 
the mark on the neck, is determined ( 34 ). Suppose this to be 
50 grams. 

The powdered solid is now introduced into the dry bottle, 
the whole is weighed, and the weight of the powdered solid is 
obtained by difference. 

The bottle containing the solid is then filled to the mark 
with distilled water, air-bubbles inclosed in the powder are 
removed by heating or stirring, the liquid is brought to the temperature of 
15*5° C., and the bottle and its contents are weighed again. 



Density 

Bottle. 



14 


SPECIFIC GItAVITY OF LIQUIDS. [33, 

Now the weight of water, which is displaced fiom the bottle by the sub- 
stance, will be the weight of a volume of water equal to the volume of the 
solid. This is found by taking the difference betweon the weight of the 
solid, and the excess of weight over 50 grams of the solid + water. 

Hence, if W == Weight of solid, 

W x — Weight of solid + water, 
and W a = Weight of water which fills the bottle, 

W W 

then the density = = . yf —— 

Example — In detet mining the density of a sample of sand, a weighed bottle 
containing 50 grams of water was used 15 grams of sand were pouied into the 
empty bottle The bottle was filled up to the mark with water, and the contents 
then weighed 59 6 giams 

Hence the dermty = -- ~ = 2 78. 

Experiment 5 — Determine tho specific gravity of a sample of silver sand, 
using an ordinary specific giavity bottle for the estimation. 


Density of a Liquid Substance. 

33. The Density of a Liquid is usually obtained bv ascertaining directly 
the weights of equal volumes of the liquid and of water. 


The Direct Method may bo earned out as follows : 

An empty bottle, or other suitable vessel, is weighed in a perfectly clean 
and dry state. It is then filled to a fixed level with distilled water at 15*5° C. 
(60° F.), and is again weighed. Tho diffeience between tho two weights gives 
the weight of the water which fills the bottle to tho level. 

The clean dry bottle is then filled in a similai way with the liquid at the 
temperature of 15*5° C. and is weighed again. By subtracting from this weight 
the weight of the bottle, tho weight of tho liquid is obtained. 

Since tho volumes of water and of the liquid which have been weighed 
are equal, tho density of the liquid is obtained by dividing the weight of tho 
liquid by tho weight of tho water. Thus, if 

W == Weight of vessel -f water, 

W 1 = Weight of vessel + liquid, 

W 2 = Weight of vessel alone, 


then the density of the liquid 


W x - W a 

w - w 2 ‘ 


The Indirect Method consist) 111 weighing the same solid substance first in 
air, then m water at 15 5° C , and then 111 tho liquid at the same temperature (29). 
Tho less of weight in the liquid divided by tho loss of weight in water will give the 
density of the liquid substance. 
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Two forms of apparatus winch are used for ascertaining the density of 
a liquid by weighing it on the balance are the Specific Gravity Bottle ( 34 , 35 ) 
and the Sprengel Tube ( 36 ) ; the use of the Hydrometer ( 38 ) dispenses with 
the necessity of weighing. 

34 . The Density or Specific Gravity Bottle (Fig. 9, p. 13) consists of 
a small thin glass bottle, into the neck of which an accurately ground blown- 
glass stopper is fitted. The neck is contracted below the stopper and has a 
mark etched upon it. The mark enables the bottle to be always charged with 
precisely the same volume of liquid. 

This form of bottle is useful for all liquids, but more especially for volatile 
liquids, since the stopper provents the escape of vapour, and consequent loss 
of weight, from occurring during the process of weighing. 

A small separate theimometer must bo inserted through the neck of the bottle 
when the temperature of the liquid has to be found A small light thermometer 
is frequently attached to the stopper The bulb of this theimometer is immeised 
in the liquid, and serves to give its temperature when the stopper is inserted Or 
the bottle may be provided with two necks, m one of which the theimometer is 
permanently inserted, while the other selves for filling in the liquid and is closed 
by the stopper. 

Before the bottle is used, it is thoroughly cleansed with distilled water, 
then dried m the steam-oven, and is accurately weighed when it is cold. A 
more rapid method of drying the bottle consists in rinsing it out with alcohol, 
then with ether, and then placing it in the steam -oven. 

The process of drying by cither method may be accelerated by sucking 
out the vapour by means of a glass tube which is passed down to the bottom 
of the bottle. 

In making very accurate determinations of the density of a liquid, it 
should be remembered that immediately after the bottle has been heated or coolqd 
its capacity ib slightly altered The normal capacity is only restoied after the 
bottle has remained at the ordinary temperature for some hours. 

The bottle must now be filled to the mark with distilled water which 
has been brough to the temperature of 15’5° C. in a separate vessel. This is 
conveniently effected by filling the bottle with distilled water, the temperature 
of which has not been first adjusted, and then placing it m a bath of water 
which is kept at 15*5° C. 

If the temperatuie of the water in the bath is above the standard tem- 
perature, it may be reduced by means of ice, or by dissolving in it a few 
crystals of sodium thiosulphate or of ammonium chloride. 

As soon as the distilled water in the bottle has assumed the standard 
temperature, which will take from twenty to thirty minutes, the excess of 
liquid is removed by a pipette, until the meniscus ( 246 ) just touches the 
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mark. The dry stopper is then inserted, and the bottle is quickly but carefully 
dried with a clean dry cloth. The bottle and its contents aie then weighed. 

The difference between the weights of the bottle, when filled and when 
empty, gives the weight of the water at 15’5° C. which it contains when it is 
exactly filled up to the mark. This weight must be carefully entered m the 
Note-book. 


The weight of the bottle and of the water which fills it to the maik must bo 
redetermined from time to time, since the bottle decreases slightly m weight with 
use and its capacity may also undergo some change 

A precisely similar series of operations is now carried out with the liquid 
whose specific gravity is to be found. The weight of the liquid which fills 
the bottle to the mark is thus determined. By dividing this weight by the 
weight of the equal volume of water, already obtained, the density of the 
liquid is found. 

Example — In the estimation of the density of a sample of methylated spirit, 
a 50-gram specific gravity bottle weighed, when empty, 24 5655 grams. When 
filled with distilled water at 15 5° C it weighed 74 5445 grams ; and when filled 
with methylated spirit at 15 5° C it weighed 65 9260 grams : 


Hence the density 


65 9260 - 24 5655 
74^5445^ 24 5655 


41 3605 

4-9 0790 =° 8275 - 


35. Another Form of Specific Gravity Bottle which is suitable for 
non- volatile liquids is shown in Fig. 10. The neck of this bottle is fitted 
with a perforated stopper. The perforation enables the bottle 
to be precisely filled with the liquid, with the entire exclusion 
of air- bubbles. 

After the bottle has been filled with liquid, and the liquid has 
been brought to the requisite temperature ( 34 ), the stopper is 
dropped into tho neck : tho liquid will then entirely fill the 
bottle and tho perforation in the stopper, a small quantity over- 
flowing from the perforation. The bottle is then wiped dry 
and weighed. 

A cloth may be used for wiping the surface of the bottle; 
but the top of tho stopper should be wiped by the dry haqd, 
since tho porous cloth would absorb some of the liquid contained in the 
capillary bore of the stopper, and lower the level of the liquid. 

This form of bottle may give less accurate results than that described in para- 
graph 24 , since the insertion of the stopper with different degrees of pressure will 
cause the capacity of the bottle to vary. 


Fio. 10. 
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36. The Sprengel Tube is more readily used than the ordinary specific 
gravity bottle for taking the specific gravity of a liquid at a tempeiature 
differing from that of the atmosphere. 
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As is shown m Fig. 11 it consists of a broad vessel into which two thick- 
walled capillary tubes are fused. The two capillary tubes are drawn out to 
slightly tapeiing ends, and are bent at right angles, as is shown at a, 6 , 
and a maik is lightly scratched on the tube ( 6 ). 

The ends of the capillary tubes are ground to fit small ground glass caps ; 
these are used for covering the ends, as is shown in the figure, and they 
prevent the evaporation of a volatile liquid after it has been introduced into 
the tube. The use of the modified form ( 37 ) often 
enables the caps to be dispensed with. 

The weight of the empty tube is ascertained 
after it has been thoroughly cleansed and dried. 

The caps are then removed, and the tube is 
filled with distilled water by immersing the un- 
marked end (a) in water, and applying suction 
at the other end (b). The water should reach 
some distance beyond the mark on the tube (b). 

The tube and its contents are then brought to 15 5° C., or to a higher 
temperature if necessary, by hanging the broad part of the tube m a beaker 
of water which is at the requisite temperature (Figs. 12, 13). 

The distilled water should still reach the mark on the narrow tube (&). 
If it extends beyond this mark, some water is sucked out by pressing a 
piece of filter-paper gently against the pointed extremity (a) : as soon as 
the liquid exactly reaches the maik, the filter-paper is withdrawn. The 
tube, which is now exactly filled to the mark, is removed from the water, 
the caps are replaced, and the whole is carefully dried and weighed. 

The tube is then emptied and dried, and is exaetly filled to the mark, in 
the way already described, with the liquid whose density is reqirrcd. It is 
then weighed. 

The calculation of the density is made in the same way as from the 
weighings with the bottle ( 34 ). 

Example —Thus, m determining the density of petroleum-etlior, the tube, 
whon empty, was found to weigh 10 5005 grams ; when filled with water its weight 
was 10 059 grams ; and when filled with petroleum-ether its weight was 14 471 

g rams 14 471 - 10 5005 3 9705 

Hence the dens.ty - i(i „5y - 10 5005 " Fl585 = 0 ° 448 ' 

Experiment 0 — Determine the density of a sample of petroleum by the 
specific gravity bottle, and control the determination by means of the Sprengel 

tube, 

t 


a A 



Fig. 11. 


Sprenget. Tube. 
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37 . A Useful Modification of the Sprengel Tube is shown m Figs 12, 13 
It is especially convenient foi dealing with volatile liquids and loi taking the specific 
gravity of a liquid at a tempcratuie much lowei 01 higher than that of the air 
The narrow tubes in which the U-tube terminates aie bent into directions at 
right angles to one another, but each of them forms an obtuse angle with the 
limb of the U-tube The tube (a), upon which the maik is made for registering 
the constant volume, is expanded into a bulb just beyond the mark ; this bulb 
allows expansion of the liquid to take place by use of tempeiature, without loss 
of the liquid occurring by overflow from the end of the tube The tube (ft) must 
be drawn out to a tapering end to prevent the liquid fiom receding from its end. 

In using the apparatus, the liquid is sucked in until it fills the tube and part 
of the bulb, and is then brought to the desired tempeiatuie in the usual way by 


Fio. 12 . Fia. 13. 



Modified Sprengel Tube 

immersion in water The volume of the liquid is finally adjusted to the mark by 
holding the apparatus with the capillary (ft) horizontal (Fig 12), and sucking out 
the liquid by applying filtei-papei to (ft) until the liquid descends to the maik (a). 
As soon as the apparatus is placed in an erect position (Fig 13), the liquid sinks 
to (c) m the capillary (ft), and ascends to ( d ) in the other capillary The liquid is 
thus withdrawn from the ends of the capillary tubes, and is theiefore protected 
against loss during the process of weighing 

38 . The Hydrometer furnishes a rapid means of taking the density of a 
liquid substance, and dispenses altogether with the process of weighing. It 
is a glass or metal float (Fig. 14), which is weighted below so as to cause it to 
assume a vertical position when it is placed in the liquid whose specific gravity 
is to be determined. The stem is so graduated that the number which is 
level with the surface of the liquid, ulien the hydrometer is floating freely 
Allows the specific gravity of the liquid. The temperature of the liquid must 
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be adjusted to the temperature at which the hydrometer has been graduated, 
which is usually 15*5° C. 

The accuracy of the graduation may be ascertained by floating the hydro- 


meter m liquids, the densities of which have been determined 
by accurate weighing ( 34 - 37 ). 

Melting-point of a Solid Substance. 

The Determination of the Melting-point of a Solid 
Substance.— Three methods are described in the succeeding 
paragraphs. The first two are alike in principle and are the 
methods usually adopted. The third method is useful in 
special cases. 

39. First Method. — The substance is placed in a thm- 
walled glass tube, which is about 1 mm. m diameter, and is 
sealed at one end (Fig. 15). Such tubes are readily made by 
softening a thm-walled narrow test-tube m the Bunsen flame 
and drawing it out until it is reduced to the required diameter. 
The long tube thus produced is cut into tubes 5 cm. in length, 
each of which is then closed at one end by fusion in the 
flame. 

The open end of one of these tubes is dipped into the 
finely powdered substance in a watch-glass, so as to take up 
some of the powder. The tube is then held mouth upwards 



and tapped gently with a small spatula until the powder is shaken down 


to the bottom. These operations are repeated until about 1 cm. of the 


tube is filled. 


The tube is then attached to the stem of a delicate thermometer, just 
above the bulb, by binding it by thread or fine wire (Fig. 15) ; or a little 
rubber ring, snipped off some small rubber tubing, may be slipped over the 
upper end of the tube and the thermometer stem. It is necessary that the 
tube enclosing the substance should be in actual contact with the glass of 
the thermometer bulb. 


The thermometer and tube are now placed in a beaker containing a liquid 
which has a higher boiling-point than the melting-point of the solid (Fig. 16), 
the upper portion of the tube b<ung allowed to project slightly above the 
surface of the liquid. If the bath consists of strong sulphuric acid the tube 
need not be fastened to the stem of the thermometer, as it will be caused to 
cling to it by the action of the thin intervening film of acid. 

The beaker is then heated until the solid substance melts, and the tem 
perature of its liquefaction is accurately noted by the thermometer. It is 
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necessary that the rise of temperature should be very gradual when the 
melting-point is nearly approached. 

During the process of heating, the contents of the. bath should be constantly 
mixed by the movement up and down of a stirrer, which is made of bent 
glass rod or of stout wire in the shape shown at (b) in Fig. 16 ; or the mixture 
may be effected by a slow stream of air-bubbles which are made to pass up 
through the liquid from the bottom of the beaker. It is necessary to secure 
in this way a uniform temperature throughout the mass of the liquid during 
the determination. 

The stirring may be dispensed with if the thermometer bulb and substance 



are immersed in a boiling-tube containing liquid, which is itself surrounded 
by the liquid in the beaker or flask which serves as the outer bath. 

The thermometer and tube are then removed and are allowed to cool; 
and the process of fusion is repeated with a new tube containing a fresh sample 
of the substance, since refusion often takes place at a lower temperature than 
the first melting. The mean temperature obtained from several experiments, 
made on different samples of the substance, will give the melting-point of the 
solid. 

If the Mercury-thread of the Thermometer extends above the surface 
of the liquid when the melting-point is read off, a correction must be applied for 
the contraction due to the cooling of the mercury. 

The following formula will give the correction to be added : 

N(T - t) x 0*000166. 
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Here N stands for the number of degiees on the thermometer stem which are not 
heated by the liquid , T is the tempo ratuie indicated by the thermometer , t is 
the tempeiatuie taken by placing the bulb of a second thermometei midway 
between the surface of the liquid and the top of the meicunal column, and 0 000156 
is the apparent coefficient of expansion of mercury m glass. 

In the case of certain fats and of some other substances, the exact point 
of liquefaction is seen with difficulty. It is then preferable to use a narrow 
tube open at both ends, but the tube must bo boated in a liquid which does 
not act upon the substanco in any way. 

If any difficulty is oxpenenced in introducing the substance into this 
open tube, tho fine end of the tube may be inserted into the melted substance. 
A small quantity will enter by capillary attraction. This is allowed to cool 
and solidify, and tho tube is then attached to the thermometer and immersed 
in the bath. Tho moment of liquefaction of tho substance is indicated by its 
ascent m tho tube. Tho tomperaturo of tho thermometer is noted when this 
movement is seen to occur. 

It should bo boino in mind that many substancos, moie especially the 
animal fats, show a low r er molting-pomt when the process of fusion is repeated ; 
but in such cases tho normal melting-point is usually regained after the 
substance has lemamed in tho solid state for some hours. 

Experiment 7. — Detennmo the melting-point of a sample of paiaffin-wax 
by tho above methods, using a beaker containing water for the bath 

40 . Second Method. — A modified foim of vossol for determining melting- 
points is shown in Fig. 17. It is made by blowing a bulb at the end of a piece 
of wide glass tube, and should bo about 15 cm. in length with a diameter of 
about 3 cm and with a bulb about 5 cm in diameter. 

This bulb is nearly filled with concentrated sulphuric acid. The bulb of 
the thermometer is then dipped into the acid, and the tube containing the 
substance is placed alongside tho bulb and in close contact with it, as was 
described in paragraph 39 . 

This thermometer bulb and tube are now dipped into the acid (Fig. 17), 
the uppei pait of the tube lemaming above the surface of tho liquid, when 
tho small tube will adhere to tho thermometer by the surface-tension of the 
acid film. The stem of the thermometer is held in position by means of a 
cork inserted in the mouth of the large tube, the cork having a groove cut in 
its edge to permit air to escape as it is expanded by heat. 

When all is properly adjusted, heat is gradually applied to the bulb and 
the melting-point is observed. Tho process is repeated and the results dealt 
with as has been already described ( 39 ). 

The discoloration of the acid after continued use may be removed by 
dropping in a crystal of potassium nitrate. 
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Experiment 8. — Determine the melting-point of sulphur or of benzoic acid 
in the apparatus shown in Fig 17, using strong sulphuric acid as the 
bath. 

41. Third Method. — The substance, in the form of powder, of minute crystals, 
or of thm slices, is held between two microscopical cover-glasses This makes the 
exact time of fusion very evident, since the film of substance, which is more or 
less opaque before it is melted, becomes suddenly transparent when it fuses The 
large heating surface which is exposed, relatively to the amount of substance used, 
also causes the indication to bo very sharp. 

The method of proceduie is as follows : 

A thin square microscope “ cover-glass ” is cut into halves, a small quantity 
of the substance is placed between these glasses and is caused 
to assume a very thin layer by gently pressing and sliding the 
glasses between the fingers. 

The glasses are then fastened to a platinum -foil holder of 
tho shape shown m Fig 18 The holder may be made by 
suitably folding tho foil and then cutting out a square piece 
with a pair of scissois If necessary, the holder and tho 
glasses may be 11101c firmly bound together by means of thm 
platinum wire 

Tho whole is now suspended, in contact with the bulb of 
a thermometer, in a wide test-tube. The test-tube serves as 
an air-bath and is immersed nearly up to its mouth in a bath 
of sulphuric acid or other suitable liquid The temperature 
of the liquid is giadually raised until the film suddenly becomes 
tiansparent, and the temperature is then immediately read 
upon the thermometer 

In order to pievont undue convection of air, it is well to insert a plug of cotton- 
wool in tho neck of tho test-tube. 

The cover-glasses may be used as long as they remain unbroken. 

The method gives uniform results and is especially suitable for the determination 
of the melting-points of waxes and of fats These substances need not be previously 
melted and cooled as is necessary when the first method (39) is employed. 


Fio. 18. 



Melting-point 

Apparatus. 


Boiling-point of a Liquid Substance. 

The Boiling-point of a Pure Liquid is always the same when the 
liquid is boiling under the same pressure and similar conditions. This con* 
stancy of boiling-point is frequently made use of to ascertain the purity of 
a liquid, as well as to detect its nature. 

Three methods are described for determining the boiling-point, by ascer- 
taining the temperature of the vapour produced by the liquid when the 
vapour pressure is equal to that of tho atmosphere. The first is the one com- 
monly employed. The othei methods are resorted to uhen only a small 
quantity of the liquid is available. 
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42 . First Method. — The liquid is placed m a flask (Fig. 19), the neck of 
which is provided with a delivery- tube at tho side. The neck is closed by a 
perforated cork, thiough which a thermometer passes. Tho bulb of the 
theimometer should bo fixed just above the suiface of the liquid. 

Heat is gradually applied until tho liquid boils, the side tube serving to 
carry away the vapour which is produced. The bulb and part of the stem 
of the thermometer are thus constantly surrounded by the vapour of the 
boiling liquid. 

If the boiling-point of the liquid is above 120° C., an air condenser. 


Fig. 19* 



consisting of a long glass tube slipped over the side tube of the flask, will 
suffice for condensing the vapour. This arrangement is shown in Fig. 19. 
If the boiling-point is below 120°, a Liebig’s or other form of cold water 
condenser (IOl 6 ) should be used. 

As soon as the reading of the thermometer remains constant above the 
surface of the boiling liquid, the temperature is registered as the boiling-point 
of the liquid. 

This reading will, however, require correction by the formula given in 
paragraph 39 , if the upper part of the thread of mercury m the thermometer 
is cooled by extending above the cork. 

It should be remembered that any considerable difference m the atmo- 
spheric pressure will cause an appreciable variation m the boihng-pomt. It 
will therefore be necessary either to arrange a means for adjusting the pressure 
within the flask, if the atmospheric pressure varies much from 760 mm. 
of mercury ; or, as an alternative, to specify the barometric pressure read 
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during the time of taking the boiling-point. Thus, if the boiling-point 
observed is 62° C. and the barometric pressure is 760 mm., it may be entered 
62° C. /760 mm. 

A rough correction may be applied, if necessary, on the assumption that an 
increase or diminution of 20 mm. in the atmosphenc pressure from 760 mm. 
causes approximately an increase or diminution of 1° C. in the boiling-point. 

Experiment 9 — Determine the boiling-point of aniline, using an an condenser ; 
and of chloioform, uung a Liebig condensei 

43- Second Method. — The method described below may 
be employed when only a small quantity of liquid is avail- 
able It gives results which are usually within one degree 
of the true boiling-point. 

About 1 c c of the liquid is placed in a thin-walled 
test-tube, which may be about 8 cm. in length and 1 cm. 
in diameter. The test-tube is fastened to the theimometer 
by moans of fine wire, as is shown in Fig. 20. A fine 
capillary tube of thin glass, a little more than 8 cm in 
length, is then prepaied by heating tho walls about half an 
inch fiom one end in the tip of the flame for a second, so 
as just to fuse them together ; and the tube is placed in 
tho test-tube as is shown in the figuie. 

The apparatus is now dipped into a beaker containing 
8ulphunc acid, the mouth of tho test-tube projecting above 
the surface of the liquid. Whon the acid is heated, small 
bubbles of air will slowly escape from the lower end of the 
„ capillary tube. As the temperature gradually rises, the 

Apparatus. evolution of vapour-bubbles will eventually become rapid 
and continuous, indicating that the liquid has attained its 
boiling-point. The temperature is then read upon the thermometer. The 
determination should be confix med by repeating the process with a fresh 
capillary tube. 

Experiment 10. — Determine the boiling-point of a sample of benzene by the 
above method. 

44. Third Method. — This method is also convenient for determining the 
boiling-point when the quantity of liquid available is small It depends on the 
fact that the pressuie of the vapdur of a liquid at its boiling-point is equal to the 
pressure of the atmosphere. 

A piece of thm-walled glass tubing, sealed at one end, is bent into the shape of 
the letter U (Fig 22), the open limb being considerably longer than the closed 
one A few drops of the liquid are poured into the tube, which is then inverted 
•0 that the liquid occupies the closed end. 


F 10 20. 
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The open end is now immersed in a vessel (6, Fig 21) containing mercury, a 
porcelain crucible or a small glass beaker being used for this pui pose. The vessel 
is bound to the tube, and is suspended by wire from a glass rod (c) The whole 
is then plunged into a suitable bath, and is heated to a temperature higher than 
the boiling-point of the liquid enclosed in the tube (Fig 21) The vapour arising 
from the boiling liquid will expel tho air from the tube, and will itself fill the 
tubo 

The tube and vessel are then removed fiom the bath and are allowed to cool. 
The mercury will use and fill the whole of the tube, with the exception only of a 
small space at tho bend of the tube, which is occupied by tho liquid foimed by the 
condensation of the vapour , care must be taken that no air- bubbles are present. 
The tube will then have the appearance shown in Fig 21. 

The tube is now carefully mveitcd in position, so as to cause tho liquid to 
ascend and occupy the closed end. Mercuiy is removed by pushing a glass rod 


Fit* 21. Fig 22 



down tho open tubo until the column of mcicuiy is shorter m the open than in the 
closed limb of tho tube , and the tube is immersed in a bath of liquid, the boiling- 
point of which is lughei than that of the liquid in the tubo, care being taken that 
the longer limb extends above the liquid m the bath (Fig 22) A thermometer 
is then immCised m the bath with its bulb clo^e to the closed limb of the tube, and 
heat is gradually applied 

As soon as the mercury columns assume tho same level in both limbs, the 
temperature is taken The heating is then continued for a short time, and the 
source of heat is removed The mercuiy will now bo higher in the open than in 
the closed limb of the tube. As soon as the mercury in the open limb falls to the 
same level as that in the closed limb, the temperature is again noted These 
observations are repeated several times The mean of the temperatures thus 
observed gives the boiling-point of the liquid. 

It is necessary to agitate the contents of the bath during tho heating and cooling 
processes, so that the temperature may be uniform throughout the mass of the 
liquid. This may be effected by an appropriate stirrer (Fig. 16, 6, p. 20), or by 
passing a stream of air to the bottom of the vessel, and allowing the bubbles to 
rise through the whole height of the liquid. 

Experiment 11 — Determine the boiling-point of a sample of ether by the 
above method, using water m tho bath. 
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Mechanical Preparation of Solids. 

54. Before commencing the Analysis of a Substance, two conditions 
must usually be attended to with regard to the substance itself. 

(1) The specimen chosen for analysis must be a fair and aveiage sample of 
the body which is undergoing examination. 

(2) The substance, if a solid, must almost invariably bo m a finely divided 
state. 

55. Sampling. — The first condition presents no difficulty in the case of a 
body of homogeneous composition. But in piopanng a sample of a hetero- 
geneous mass for analysis, such, for example, as an iron oie, poitions should 
be selected from different parts of the mass. These aie then coaisely 
powdered and mixed, and a small quantity of this mixture is used for the 
analysis. 

Frequently a large quantity of moisture is present. In this case the sample 
should be selected from the intei lor, as the outer portions would probably be 
moro or less dried by exposure to the air, and would give too low a percentage 
of water. 

Again, in the examination of certain minerals, the mineral of which the 
composition is to be ascertained is often embedded in a matrix of earthy 
matter, org^ adherent to other minerals. Care must be taken in this case that 
a true saxqple, consisting of the desired mineral only, is detached. 

In many of the estimations described in Parts II. and III. pure substances 
must be used. Although most of these may be purchased m a form suitable 
for analysis, it is advisable in certain cases to prepare the substance by puri- 
fying the ordinary chemicals. Dnections aie given in paragraphs I06-IIO 
for effecting this purification. 
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56. Powdering. — The second condition, that the solid substance which 
is intended for analysis must be in the state of very line powder, is also usually 
indispensable, since a substance is more readily acted upon by solvents and 
by fluxes when it is in fine powder than when it is in mass. 

The operation of powdering a substance is usually conducted in a mortar. 
It is essential that the mortar should be composed of harder material than 
che body to be powdered, or the powder will be contaminated with particles 
of the material of which the mortar is composed. For salts and other com- 
paratively soft bodies, a porcelain or a Wedgwood mortar may be use! ; but 
for many minerals and other hard bodies, a mortar of steel or of agate is 
necessary. 

When a mineral is being reduced to powder, the large pieces may be first 
broken by wrapping them in paper and striking 
them with a hammer upon a steel anvil. The 
smaller pieces thus produced are then reduced 
to eoarse powder, either in a steel mortar of 
the usual shape, or in a steel percussion mortar 
(Fig. 23), which consists of a hollow cylinder 
fitted into a depression in the base. The sub- 
stance is placed in the cavity thus formed. The 
solid cylindrical pestle is then pushed down upon 
the substance, and is struck repeatedly with a 
hammer until the substance is powdered. 

Chemical grinding-mills are. also supplied which serve for converting hard 
minerals into coarse powder. 

The coarsely powdered substance is next introduced, in small portions 
at a time, into an agate mortar ; and the substance is further powdered by 
trituration, not by blows , until it forms an impalpable powder. If the powder 
is sufficiently fine, no grit ti ness will be felt when it is rubbed between the 
finger and thumb. 

To make certain that the substance is sufficiently finely powdered, it is 
advisable to sift it as follows : A piece of fine muslin, which has been well 
washed and dried, is stretched over the mouth of a beaker and held in position 
by a rubber ring. The powdered substance is then poured upon the muslin, 
and the beaker is gently tapped. The finer particles will fall through into 
the beaker. The coarser pieces which remain on the muslin may then be 
returned to the mortar and again triturated until they pass completely through 
the muslin sieve. 

Brass sieves of various mesh are also supplied by the maker for sift- 
ing powders. Before using these, they must be perfectly cleansed and 
dried. 

Trituration with water was formerly used in the pulverisation of so-called 
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insoluble bodies. Since, however, all solids dissolve to some extent in water, 
this method has been generally discarded, because it affects the composition 
of the substance. 


Drying, or Desiccation. 

57. Most Substances contain Water in varying and unknown quantity. 
It is frequently necessary to remove this water before the substance is analysed. 
Some of the methods of effecting this are described below, others are described 
hereafter. 

Water may be present either as adherent water, commonly termed mois- 
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Water- oven. 


Water-supply (Section). 


ture, or as combined water, which is frequently water of crystallisation. The 
operation of drying is usually conducted for the purpose of removing adherent 
moisture without reducing the amount of combined water or of any other 
constituent. 

The removal of adherent water, or moisture, may be effected in several 
ways. Five methods are described below. In selecting one of these, atten- 
tion must be paid to the temperature at which the anhydrous substance 
begins to decompose, so as to prevent the loss of other constituents besides 
adherent moisture. Any near approach to a temporature which would 
cause such a change must be avoided. 
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58. Drying at Ordinary Temperature and in Vacuo.— If a solid 

substance is to be supeificially dried at the 01 dinary temperature of tho air, 
as is usually necessary in lomovmg the adherent mother-liquor from crystals, 
a convenient method of piocedure is as follows. 

The moist solid is placed in a thin layer upon a porous tile or plate to 
drain After most of the moistuie has beon drained off by several hours’ 
standing, the substance is next pressed, m thin layers, between folded sheets 
of filter-paper. Tho paper is renewed until the last sheets no longer become 
moist. The adherent moisture is then known to have been removed. The 
drying may bo completed by exposure in the desiccator mentioned below. 

If the substance is a liquid, or if it decomposes when heated, it may be 
dried by placing it in a desiccator (62) and exposing it to the drying action of 
sulphuric acid or of some other absorbent of moisture. The production of a 
vacuum in the desiccator greatly hastens the evaporation and removal of 
the water (63). 

59. Drying at Steam-heat. — Substances are more rapidly freed from 
water by heating them to a temperature of 100° 0., a thin layer of the 
powdered or liquid substance Ix'ing spread on a watch-glass, and exposed to 
a gentle cunent of an m a steam-oven (Fig. 24). See also par. 1022. 

The oven is made of copper, and, with the exception of the door, it is 
doubly cased throughout. The door may bo glazed to give a view of the 
interior. The casing of tho oven is filled to about one-third its height with 
water. Heat is then applied by means of a Bunsen or other atmospheric 
burner. When the water boils, the upper part of tho hollow casing becomes 
filled with steam and the temperature of the interior of the oven approaches 
100° 0. ; tho steam is either allowed to blow of! into the air, or is condensed 
by a long tube or condenser and leturned as water to the steam-oven. 

A gentle current of air passes through the oven when it is heated, entering 
through an inlet noar the bottom of the door and escaping from an outlet in 
the top. 

It has been found possible to attain a higher temperature than that usually 
recorded m a steam -oven, by dispensing with the usual inlet for air through 
tho door. A narrow copper tube is substituted for this one end of tho 
tube is seen immediately beneath the door, and the other end opens into 
the oven flush with its bottom. The pipe itself is thus constantly surrounded 
with boiling water, and. the air passing through it into the oven enters at a 
temperature of nearly 100°. There is a small outlet for air provided at the 
upper part of the back of the oven. 

The arrangement for ensuimg a uniform level of water m the steam-oven 
will bo understood from the sectional drawing (Fig 25). A constant supply 
of cold water flows into the vessel which is attached to the side of the steam- 
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oven, and the excess flows away by the central tube to a sink. The water 
in the bath is maintained level with the top of this overflow tube by a small 
connecting tube below. 

60. The Heating of Steam-ovens may be advantageously combined with 
the Distillation of Water. The apparatus suitable for this purpose stands 
conveniently in a recess in the laboratory wall, which is furnished with a glazed 


Fig 26. 



Stkam-ovens and Still. 


projecting hood, and with a good draught from the top. This arrangement is 
represented m Fig 26, which is drawn to the scale of one-tenth. A copper boiler on 
a stand, and a stoneware collecting- jar, are seen resting on the floor of the recess, 
while the set of double-cased copper ovens and the still-tub are supported on a 
strong iron grating above. 

The steam generated by heating the boiler with a powerful Fletcher burner 
passes from the boiler through a pipe which terminates within the outer casing of 
the ovens, and several inches above the bottom. The steam then makes its way 
between and around the various ovens, undergoing partial condensation while 
heating them. The hot condensed water thus produced flows through a pipe, 
the opening of which is flush with the bottom of the oven-casing This pipe has 
a U-bend to prevent the escape of steam. The water is collected in a stoneware 
jar, from which hot distilled water may be drawn when the apparatus is at work. 

Any steam which is not condensed in heating the ovens passes from the upper 
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part of the oven-casing into a block-tin worm enclosed in the tall still-tub. It is 
thus condensed, and flows as distilled water from the end of the worm-pipe into 
a second stoneware store- jar provided with a tap below. The level of the water 
inside this jar is indicated by a glass syphon-gauge. 

It is essential that the coils of the tin pipe shall be so supported as to have 
throughout a permanent uniform downward slope, else the condensed water will 

Fig. 27. 
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Steam-ovens and Still. 


not drain away from the worm, and a back pressure of steam will be produced in 
the apparatus. 

The still-tub is supplied with a stream of cold water from a pipe, in which is a 
control tap. This pipe is shown at the extreme right of the figure. From the top 
of the opposite side of the still-tub the heated condensing water flows into a little 
feeding-vessel attached to the side of the boiler, such as is shown in section in 
Fig. 25 (p. 28). A portion of this hot water serves to keep up the water-level in 
the boiler to the dotted level in the figure ; and the rest flows away through a 
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central pipe, seen m the feeding-vessel, into a hot-water supply vessel and lienee 
into the waste 

All the connections are made by means of screw-union joints. The apparatus 
can therefore be quickly and easily disconnected and dismounted for the puipose of 
removing the incrustation m the boiler and on the condensing woim, and for repairs 
The incrustation, if stiongly adherent, may be dissolved off by commercial hydro- 
chloric acid diluted with four times its volume of water 

This apparatus may be allowed to run uninterruptedly without any attention 
after the gas-burner has been lighted and the supply of condensing water has been 
regulated by the tap 

It is easy to arrange a series of parallel longitudinal heating burners under the 

Fig 28 . 

INFLOW 





boiler, any number of which may bo used : the amount of steam generated may 
thus be varied according to requirements 

A removable plate screwed down on the top ol the boiler enables the lr.crus- 
tation to bo occasionally taken out of the boiler, or dissolved by acid diluted 
as mentioned above. 

A Modified Form of this Apparatus (Fig. 27) has been recently intro- 
duced, in which the boiler forms the bottom of the steam-oven casing 
and is heated by a powerful longitudinal burner. The steam, after passing 
between and around the various ovens, is condensed m a special condenser 
which is seen above the steam -ovens and is described below. The condensed 
water flows into the store-jar down the pipe shown to the left of the figure. 
The overflow condensing water is taken away by the tube shown on the right 
of the figure. 

The condenser is made of copper, thickly tinned inside. It is very efficient 
and is readily cleansed. Its geneial construction is seen m the sectional 
drawing (Fig. 28). The steam enters through a wide opening below and 
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impinges upon the lower surface of the dome, whioh is kept cool by contact 
with the constantly renewed cold water on its upper surface. The distilled 
water formed by condensed steam is collected in an annular internal channel, 
from the bottom of which it flows through a tube to the storage-jars. 

6l. Drying above Steam-heat. — When a temperature higher than 100° C. 
is requisite for the desiccation of a substance, an air-oven (Fig, 29) is usually 
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The Hot-air Oven. 


employed. The construction of the air-oven is almost identical with that 
of the water-oven. Air, heated to the necessary temperature, however, 
takes the place of boiling water and steam within the jacket. 

Since the walls of the oven are usually much hotter than the air iasido, 
tho substance to be dried must not be in contact with the oven. A pipe-clay 
triangle, with tho wire ends turned down at right- angles to the plane of the 
triangle, makes a convenient stand for the substance and keeps it from 
touching the oven ; or a square porcelain plate, slightly less in size than 
the bottom of the oven, may be supported about half an inch above tho 
floor. 

A thermometer passes through a cork in the top of the oven, and serves 

3 
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to register the temperature of the interior. Any requisite temperature can 
be obtained by suitably regulating the stop-cock attached to the gas-supply. 

It will be found that, when once the flame has been properly regulated, 
the temperature will remain fairly constant for several hours if a gas- 
governor has been introduced into the gas service-pipe. Gas-regulators are 
also sold by the instrument-makers for insertion into the oven, and these 
secure the maintenance of a constant temperature. 

Electrically heated ovens, with a large range of temperature, are now 
available. They may be connected to the ordinary electric-lighting supply. 

Another very efficient form of oven is described in par. 1022. 

The quantitative estimation of water, free and combined, is described 
under the typical analyses ( 188 - 191 )* 

62. The Desiccator. — Substances which are too unstable to be dried by 
heat must be more slowly dried by exposure at ordinary temperature to a 

dry atmosphere, or to drying agents 
in vacuo. For this purpose the desic- 
cators shown in Figs. 30, 31, 32 may 
be used. 

Desiccators are also used for sub- 
stances which are hygroscopic and 
absorb moisture from the air after they 
have been dried by heat. They are 
thus prevented from remaining in con- 
tact with the moist atmosphere while 
they are cooling, or are waiting to be 
weighed. The deposition of moisture 
upon dried apparatus, which is stand- 
ing aside before it is weighed, may 
also be prevented by enclosure in the desiccator. 

The desiccator is an air-tight vessel, the air in which is kept dry by exposure 
to a desiccating agent. Either sulphuric acid oc calcium chloride may be 
used as a drying agent. 

A small and portable form of desiccator (Fig. 30) is usually employed, 
because it is easily carried from the working-bench to the balance. It con- 
sists of a broad glass jar which is contracted in the middle. The lower portion 
contains the desiccating agent ; the upper portion incloses the body to be 
weighed. A circular piece of perforated zinc forms a bottom to the upper 
chamber, and on this a pipe-clay triangle or other support is laid. The body 
to be cooled and weighed is placed on this support. A flat lid is ground to 
fit accurately on the upper ground rim of the desiccator ; and this rim is 
lightly greased with lard, so that the lid may fit air-tight. 


Fia. 30. 
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A larger form of desiccator, which may be conveniently kept in the balance* 
room, is shown in Fig. 31. 

Fio. 31. 

63. Drying in Vacuo.— Many 
substances can only be completely 
dried by exposing them in vacuo in 
the presence of a drying agent to 
absorb the water- vapour evolved. 

This method of drying in vacuo is 
also suitable for substances which 
decompose when they are heated. 

Substances which have been 
thoroughly dried may be kept for 
any length of time in vacuo without 
undergoing increaso of weight, as 
they would do under ordinary con- 
ditions. 

A convenient form of desiccator 
for drying in vacuo is shown in 
Fig. 32. The upper portion is 
removable and fits closely on the 
lower portion by means of a 
ground flange. The joint is ren- 
dered air-tight by carefully greasing 

the ground surfaces. The lower vessel is filled to the depth of about an inch 

with strong sulphuric acid. The acid may 
bo prevented from splashing by allowing pieces 
of broken pumice to float in it. 

The upper portion of the desiccator con- 
tains a tubulated stopper which carries a 
hook below for suspension. The upper por- 
tion of the stopper is extended into a tube 
for connection with a Fleuss air-pump, an 
efficient water- aspirator, or with some other 
arrangement for obtaining a good vacuum. 
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Va('u um Desiccator. 


Solution of Solids. 


64. The Process of Solution must 

usually precede the analysis of a solid substance. Several methods of 
performing this operation are described in this Section* 
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In most cases it is essential that the solid substance to be dissolved should 
be in a fine state of division. It is powdered, if necessary, according to the 
directions already given in paragraph 56 . 



65 - A Substance which is Soluble in Water may be dissolved by mixing 
it with distilled water in a beaker, which is 
then placed on wire-gauze over a Bunsen flame 
(Fig. 33). If the contents of the beaker bump 
when they are heated, the water and powder 
should be stirred with a glass rod. In order to 
prevent loss of solution by spirting during 
effervescence or ebullition, the beaker should 
be covered with a clock-glass. 


(a) The substance is placed in a conical 
Solution of Solid. flask. The solvent is added through a small 
glass funnel (Fig. 34), which is left in the 
mouth of the flask and serves to partially close it during the process of solution. 


66. If the Liquid is Boiled, or if 
Effervescence occurs, as is frequently the 
case during solution in acids, one of the 
following methods may bo substituted for 
that described above. Seo also 74 a. 


Fiq. 34. 


Fio. 35. 



Solution of Solid. 
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The loss of the liquid by spirting is thus prevented, and the escape of gas is 
not impeded. 

(b) Or the substance may be placed in a round flask, which is til tea at an 
angle of about 45° (Fig. 35). In this case the drops, thrown up by effervescence 
or by ebullition, will be retained by striking the inside of the flask, while 
gas will freely escape. 

67 * Insoluble Substances. — A process which serves for the decompo- 
sition and solution of many substances which are insoluble in water and 
in acids is described in paragraph 1 34 . 

68. Material of Vessels used for Solution.— Caro must be exercised 
in selecting vessels which will not be acted upon by the solvent during the 
processes of solution and evaporation. Glass, silica, porcelain, and in certain 
cases platinum vessels may be used for acid liquids. Porcelain, silver, and 
nickel vessels may bo used for alkaline liquids : glass vessels are less suitable, 
since glass is appreciably acted on by alkaline liquids, although it should 
be remembered that Jena glass is much less affected than ordinary glass 
by solvents, and is usually also better able to stand sudden changes of 
temperature. 


Solubility of Solids. 

69 . The Solubility of a Substance may usually be readily determined 
by means of the following simple apparatus : 

The mouth of a thin- walled glass beaker- flask, about 250 c.c. in 
capacity, is closed with an india-rubber cork in which 
two holes have been bored. In one of the holes is fitted 
a short piece of glass tube bent at right- angles, the tube cZZ 

passing just through the cork (Fig. 36). Through the 
other hole passes a piece of glass tube, also bent at right 
angles, and long enough to nearly reach the bottom of the 
vessel. The lower end of this tube is slightly contracted 
and is bent obliquely. 

The flask is now about two- thirds filled with distilled 
water, and it is then immersed, up to the level of the neck, 
in a large vessel containing water. This water must be 
maintained, by means of a suitable regulator, at the tern- Solubility 

perature which has been selected for determining the solu- Apparatus. 

bility of the substance. The coarsely powdered solid is 
then introduced into the flask in quantity more than would be sufficient to 
form a saturated solution. 
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The rubber stopper is now inserted, and the end of the shorter tube is 
connected by rubber tubing with the high-pressure water-aspnator ( 80 ) 
The stream of air-bubbles which is drawn by the aspirator through the liquic 
causes the solid and tho water in the flask to constantly circulate, and 
to produce a saturated solution of the solid in about fifteen minutes. 

Some of the clear solution may then be weighed in a stoppered bottle 
(Fig. 5, p. 0 ), and the amount of solid matter dissolved in it may be esti- 
mated either by cvapoiation or by precipitation, according to the nature of 
the substance. 

The insertion of a plug of cotton-wool into the upper end of the longer 
tube will serve to filter of! the dust of the air, and to prevent it from being 
introduced into the liquid and the supersaturation of the solution, which 
may arise from tho evaporation caused by the passage of the air through tho 
solution, may be prevented by saturating tho air with moisture by allowing 
it to bubble through water on its way to tho flask. 

If high-pressure water cannot be used, suction may be obtained by 
blowing steam from a boiling flask of water through an aspirator ( 80 ), or a 
special form of appaiatus for pioducing aspnation may bo used, such as that 
shown at (/i), Fig 68 (p. 10 1 ) 

If the solid to be dissolved would undergo chemical change by exposure 
to oxygen, a stream of coal-gas or other inert gas may be substituted for 
the air cuirent. If the coal-gas is drawn from the ordinary service-pipes, 
it should be freed from oxygen by being passed through at least three 23 cm. 
U tubes filled with punnco soaked in alkaline pyiogallate solution ( 863 ). 

Example. — The method of calculating the solubility of a substance fxom the 
fOoults of an actual expei linent is given below : 


Weight of solution -f bottle 
Weight of bottle . 

Weight of solution . 

Weight of solid + dish . 
Weight of evaporating-didi 


Gram. 
31 81)10 
16 2055 
15 0265 

22 5100 
21 6110 
"0 8900 


Accordingly 0 8990 gram of the solid has been dissolved by 

15 6255 — 0 8990 — 14*7265 grams of water . 

Therefoie the weight of the solid which would I 0 899 x 100 
be dissolved by 100 paits by weight of water J 14 7205 

Experiment 12 — Weigh out roughly 30 grams of KC1() 3 . ami pour this into 
tho apparatus (Fig 36) Pour in watei until the flask is about two-tlurds 
filled, and pass tho eunent of air through tho liquid for half an hour, the 
flask being immeisod in a vessel of water kept at tho lequisite temperature. 
Filter off the liquid through a dry filtei -paper, rejecting the first port/on of the 
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filtrate, which will have been partially deprived of its salt by the action of the 
filter* paper. 

Then collect about 20 c.c. of the solution m a weighed bottle (Fig. 5, p. 9), 
insert the stopper, and weigh the bottle and solution. 

Now pour the solution from the bottle into a weighed porcelain dish, and 
rinse the bottle into the dish several times with small quantities of distilled water. 
Evaporate this liquid to dryness over the water- bath ( 71 , 72 ). Then place the 
dish in the steam-oven ( 60 ) for about twenty minutes, allow it to cool in the 
desiccatjr, and weigh it. 

The necessary data are now obtained for calculating the weight of the solid 
which is present in 100 grams of water, which has been saturated with the solid 
at the temperature of the experiment. The process of calculation is illustrated 
by the example given on p. 38. 

Experiment 13. — A saturated solution of crystallised copper sulphate, 
CuS0 4 .5H 2 0, is made as is directed in Exp. 12. But since copper sulphate loses a 
part of its water of crystallisation when it is dried at steam-heat, the true weight of 
the salt in solution cannot be obtained by evaporating the weighed solution, and 
then drying the residue and weighing it as in the case of KC10 3 . After accurately 
weighing about 5 c.c. of the CuS0 4 solution, the Cu should therefore be completely 
precipitated and weighed, as is described in the estimation of Cu ( 126 ). From the 
weight of CuO thus obtained, the weight of CuS0 4 .5H 2 0 which was present in 
5 c.c. of this solution can be calculated, and the percentage solubility of the salt 
can be found. 

Dictionaries giving the solubility of substances at different temperatures should 
be referred to in order to control the results ( 1021 ). 


Evaporation of Solutions. 

70. The Process of Evaporation serves either to concentrate a solution 

or to totally expel the liquid. Evapora- 
tion is usually effected by applying heat ^ IQ * 

to the liquid contained in a basin made 
of porcelain, platinum, nickel, or silver. 

Occasionally a beaker or crucible is used. 

71. Evaporation by Steam. — The 
evaporation of a liquid is frequently 
conducted over boiling water upon a 
water-bath, steam being in this case tho 
heating agent. 

A simple form of water-bath is shown 
in Fig. 37. It consists of a copper vessel 
rather more than half-filled with water, 
and heated by a Bunsen burner. Tho upper portion can be fitted with 



The Wat eh- bath. 
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flat sheet-copper rings of gradually diminishing diameters, and the top of 
the bath can thus be made to support vessels of various sizes. 

A more complex form of water-bath is shown in Fig. 38. In the upper 

Fig. 38. 


surface of this bath there are holes of various sizes, designed to fit vessels of 
difforent dimensions. These holes, when not in use, are covered by lids as 
is shown in the figure. Both forms of water-bath should be fitted with 
a constant water-supply, such as that represented in Fig. 25 (p. 28). 

When the vessel, in which the evaporation is conducted on a copper water- 

bath, is to be afterwards weighed, it should 
Fig. 39. rest on a glass ring, since contact with the 

W — S’/ copper edge is apt to stain it. The upper part of 

a beaker makes a suitable support of this kind. 
A beaker, the lower part of which has been 
cracked or broken, may readily be converted 
into such a ring-support, by leading a crack 
round it about an inch below the upper edge, by 
means of a hot wire. 


Water- bath. 


72. A Simple Water-bath may be improvised 
from a beaker partially filled with water and 
heated over a Bunsen burner (Fig. 39). A few 
small pieces of paper thrown into the water will 
prevent it from bumping during the boiling. 
The dish will rarely fit the top of the beaker so 
as to bo steam-tight : if this should be the case, 
somo strips of paper may be inserted. 


73 . Evaporation at Temperatures above Steam-heat. — When a tem- 
perature higher than 100 ° C. is required during the evaporation, one of the 
following methods may be used; 


The Water-bath. 
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(a) The Sand-bath. — The vessel containing the liquid may be placed on a 
sand-bath which is heated by a burner. The sand-bath is a shallow sheet-iron 
saucer or tray, which is covered with a layer of silver sand. A uniform heat 
can be applied to the bottom of the vessel, by placing it on the heated sand. 

(b) The Naked Flame. — The vessel may be heated directly over a naked 
flame, using preferably a rose burner for largo vessels. The hot air arising from 
an Argand burner of the Wallace form also answers well (Figs. 57, 58, p. 57). 

In order to avoid the overheating of the sides of a dish above the liquid by the 
flame, the dish may be allowed to rest in a circular hole made in a metal or asbestos- 
cardboard sheet ; the sheet serves as a screen to the upper part of the dish. If the 
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dish is kept supplied with liquid, this method may be substituted tor the water- 
bath. 

(c) Wire-gauze, Asbestos , or Iron-plate as support. — The vessel may be 
supported on wire-gauze, on a sheet of asbestos mill-board, or on an iron- 
plate. This last support is shown in Fig. 40. It is a convenient source of 
heat for evaporating a liquid in a beaker, since the rate of evaporation can 
be reduced by removing the beaker to a greater distance from the part of 
the plate which is directly over the flame. 

(d) The Air-bath. — Beakers may be conveniently heated in a copper air- 
bath. The bath is similar in shape to the water- bath represented in Fig. 38 
(p. 40), but is deeper and contains no water. It is heated by a ring burner 
placed beneath. The beakers are supported by their curved-over edges in the 
holes in the top of the bath, the holes being reduced, if necessary, by means of 
flat copper rings. The beakers are thus immersed in the hot air inside the bath, 
and are exposed to a uniform temperature, which can be ascertained and 
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regulated by means of a thermometer, the bulb of which is situated half-way 
down the inside of the bath. The air-bath may be employed not only for 
evaporating solutions in beakers to dryness, but also for drying at a parti 
cular temperature the residue which is left on evaporation. 

74. The Following Precautions should be observed during Eva- 
poration : 

(a) If effervescence occurs during evaporation, a tilted flask (Fig. 35, 
p. 36) may be used to avoid loss by spirting. Another plan is to use 

an evaporating - dish, and to cover it with 
a large inverted funnel, as is shown in 
Fig. 41. 

(b) Vigorous ebullition must not be allowed 
to take place in an open vessel, as this would 
lead to a loss of substance by spirting. The 
means of preventing loss from this cause are 
the same as those described under (a). 

(c) If the evaporation of a solution is 
conducted over a naked flame or over a sand- 
bath, the vessel should, if possible, be trans- 
ferred to a water-bath towards the end of 
the process. This is advisable, because when 
a liquid is rendered thick and pasty by the 

separation of solid matter, it is apt to spirt considerably even when it 
is heated below its boiling-point. 

(d) Frequently the liquid creeps up the sides of the vessel during evapora- 
tion. This is particularly the case with solutions containing ammonium 
salts. The evaporation in these cases should be carefully watched, and the 
incrustation which forms near the edge of the vessel should be detached and 
pushed down by means of a glass rod. If the inner edge of the vessel is 
lightly greased, the ascent of the liquid will bo prevented. If the liquid is 
heated from above (Fig. 60, p. 58), the ascent of the solution may also be 
prevented : an example is afforded in the estimation of Na as Na 2 S0 4 (170). 
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Protected Evaporation. 


Precipitation from Solution. 

75 . Precipitation is effected by converting a substance which is in solu- 
tion into an insoluble form. The process commonly involves a change in the 
composition of the substance. A substance is usually precipitated in order 
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to obtain it in a form in which it may be collected and weighed, but the process 
is also applied to effect the separation of bodies from one another. 

Precipitation is usually performed in a glass beaker ; but if strongly 
alkaline liquids are used, which would attack glass, a vessel of poi colain 01 
platinum is preferable. 

Precipitation is usually most rapidly and completely effected in hot liquids. 
If the solution is boiling, it should be contained m a beakor covered with a 
clock-glass, or in a flask inclined at a suitable angle, so as to prevent loss by 
spirting (65, 66). After the addition of the piecipitant the liquid is well 
stirred, and is usually allowed to stand for some time to ensure complete 
precipitation. The formation of the precipitate in a granular condition 
tends to facilitate filtration. 

Some precipitates form rapidly, and being flocculent may be filtered off 
at once. Fe(OH) 3 and Al(OH) 3 are of this description. 

Agitation frequently assists precipitation. For instance, the complete 
precipitation of Mg as MgNI^PO^.Gb^O will icquiro several houis under 
ordinary conditions, whereas it may be effected in a few minutes by the 
violent agitation of the liquids. 

In most cases of precipitation, the addition of a large excess of tho preci- 
pitant should be avoided, but the presence of a slight excess is requisite in 
order to ensure the completion of tho piocess. 

The presence of excess of tho piecipitant should be always proved. Thfo 
is usually effected by adding a few diops of tho precipitant solution to the 
clear liquid from which the precipitate has subsided. The clear filtrate should 
be subsequently tested in tho samo way as a safeguard. In neither case 
must any further precipitation occur. 

It is advantageous that reagent solutions should be of normal or some 
multiple or sub-multiple of noimal strength, and that each solution should bo 
labelled with tho volume necessary for tho exact precipitation of a certain 
weight of the substance to be precipitated. This enables the analyst to avoid 
adding an undue excess of the reagent, and ensures complete precipitation. 

When a liquid is to bo tiansf erred from ono vessel to another, that part 
of the outside edge of tho vessel over which tho liquid will bo poured should 
be slightly greased. Tho liquid should then bo poured down a wet glass rod 
pressed against the edge of the upper vessel (Fig. 42, p. 45), and the lower end 
of tho rod should touch tho liquid sui face, or the inside of tho vessel into which 
tho liquid is being pouied. These precautions prevent tho liquid from running 
down the outside of tho upper vessel, and from splashing as it falls into the 
lower vessol. 


Experiment 14 — Partially fill a wcighing-bottlo (Fig 5, p 9) with pure 
reciystalhscd potash alum, AlK(S0 4 ) i 1211/), in a powdered condition. Carefully 
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weigh the bottle Then shake out about 1 gram of tho salt into a 500 c c. 
beaker, and carefully weigh the bottle again The difference between tho two 
weighings will give the weight of tho salt which has been tiansferied to the beaker. 

Dissolve this salt in about 100 c c of distilled water, which contains a little 
dilute HC1 ; add some AmCl solution to cause the x>recipitatc to fonn subsequently 
m a granular condition, and heat the contents of tho covered bcakci to boiling. 
Then heat about 50 c c. of BaCl^ solution to boiling, and add the greater part of 
this to the contents of tho beaker. A granular white precipitate of BaS0 4 will 
form, and will quickly subside. 

More BaCl 2 solution should be dropped into the clear liquid, to see if the preci- 
pitation is complete As soon as this is the case, the coveicd beaker and its contents 
may be put by for Experiment 10 (77) 

Experiment 15 — Weigh accurately about 1 gram of A1K(S0 4 ) 2 12H 2 0 into 
a 500 c c beaker. Dissolve the salt in water, heat tho solution to boiling, 
and add AmHO solution m slight excess. A white gelatinous piccipitato of 
Al(OH)., wull form. Boil the liquid until the smell of ammonia has almost dis- 
appeared, then put by the covered beaker with its contents. 


Filtration and Washing of Precipitates. 

76 . A precipitate is separated fiom the liquid in which it has been formed, 
by passing the liquid through a suitable filter-paper. The papers which are 
commonly used are 9 or 11 cm. in diameter. 

Note . — Tho filter- paper will usually be burnt at a later stage, and the w r cighfc 
of its ash will then bo deducted in order to obtain the true weight of the ignited 
precipitate Tho paper should therefore contain the least possible weight of 
mineral matter or ash Tho best quantitative filtei -paper is usually called “ ash- 
less ” ; it has boon treated with hydiocliloiic and hydrofluoric acids and then 
thoroughly washed, in order to remove mineral matter, an 11 cm filter of this 
descuption will leave less than 1 milligram of ash when it is burnt. 

In ceitain cases, however, the filiation is effected through a dncd weighed, 
or fared filter, and the weight of the filter is subsequently deducted fiom the weight 
of the dried filter and precipitate ( 86 ). 

The operations of filtration and decantation are usually combined in the 
following manner : The precipitate is allowed to settle ; most of the clear 
liquid is then decanted off through the filter-paper without disturbing the 
precipitate (Fig. 42). After the liquid has been decanted through the filter, 
a fresh quantity of distilled water, or other washing liquid, is poured upon 
the precipitate, and tho contents of the beaker are stirred or boiled. The 
precipitate is then allowed to subside, and the clear washing liquid is decanted 
off through tho same filter. These operations are repeated several times 
with fresh portions of distilled water. Finally the precipitate is transferred 
to the filter-paper by means of tho fino stream from the wash-bottlo ; the 
removal of the precipitate being assisted, if necessary, by the use of a glass 
rod, tipped with about an inch of tightly fitting smooth india-rubber tubing. 
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The washing of the precipitate and of the filter is then completed by the 
stream from tho wasli-bottle. 

If part of the precipitate adheres firmly to tlio interior of the vessel, it 

Fig. 42. 
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may generally be removed by rubbing it with the rubber end of tho glass rod. 
Occasionally it must be dissolved and reprecipitatcd in the vessel. 

The rubber-tipped end of the glass rod should not be introduced into the 
liquid until the main precipitate has been removed to the filter, since the preci- 
pitate is likely to find its way between the glass and the rubber, and to be retained, 
unless the end of tho rubber has been closed so as to form a cap. 


Fig. 43. 
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Valve for Wash- bottle. 


A Convenient Wash-bottle is shown in Fig. 43. It consists of a 500 c.c. 
conical flask fitted with an india-rubber cork and tubes in the ordinary 
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way The jet, however, is movable, since it is attached by india-rubber tubing. 
This enables the stieam of liquid to be piojectcd m any direction. 

When Boiling Water, or a Liquid which gives off Vapour or Gas, is 

used in the wash-bottle, a special stoppoi, shown in Fig 44, should be used, to 
prevent the gas or \apoui fiom entciing the mouth 

The stoppci is peifoiatcd with time holes Through the centie hole is pushed 
a slioit glass tube {a) which tciminatcs just above and just below the stopper. 

The other holes cany the jet (b) and blow-tube (c), as in the oidmaiy bottle. 
The lower end of the blow-tube, however, is fitted with a vahe by slipping over it 
a piece of lubber tube, which has a slit cut in it as is shown at (c), and is closed 
by a piece of glass rod. 

While the wash-bottle is being used the tube (a) is closed by the finger, and 
air is blown in tlnough the valve (c) The valve (c) pi events the air from returning 
through the blow- tube, and no vapour or gas can theiefoio make its way into 
the mouth As soon as the washing is finished, the finger is removed from (a) 
and the stieam of liquid is thus at once stopped 


77 . The Following Precautions should bo observed during filtration 
and while the precipitate is being washed on tho filter-paper : 

The filter should bo as small as is consistent with its holding the preci- 
pitate and a sufficient quantity of washing liquid. It must fit closely to the 
funnel, and tho overlapping parts of the paper must bo pressed together by 
tlio finger so that tho precipitato cannot get between thorn. 

Tho end of the stem of tho funnel should bo cut or ground down to an angle 
of 45°, and the tip should touch the inside of tho vessel into which tho filtrate 
passes. This airangcmcnt not only prevents splashing, but hastens filtration. 

The liquid should never fill tho filter ; but tho upper edge of the filter must 
bo carefully washed with tho stream from tho bottle. 

The total amount of washing water used should bo as small as possible, 
since no precipitate is absolutely insoluble, and because tho washing should 
be accomplished in the smallest space of time possible. Amorphous and 
gelatinous precipitates requne more prolonged washing than those which are 
crystalline and granular. 

Tho washing liquid should be allowed to drain away completely from the 
filter before a fresh portion is added. 

Tho precipitate should not rise more than half-way up tho filter-paper. 

If tho washing liquid is distilled water, it should be used hot when per- 
missible, as liot water passes through tho filter more lapidly than cold water 
does. 

In all cases the final washing water from the filter should be tested to 
prove that all soluble matter has been removed. This may be ascertained by 
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applying a delicate test for the substance which is being removed by the 
washing process. 

Experiment 16.— Tho precipitate of BaS0 4 ( 75 , Exp. 14) may bo washed by 
pouring off the supernatant liquid through the filter, taking care that no precipitate 
is poured off with the liquid. The precipitate is then stirred up and boiled three 
times in succession with fresh portions of hot water, the precipitate being allowed 
to subside after each addition of water, and the supernatant liquid being poured 
off through the filter-paper. 

Finally tho precipitate is transferred to the filter in the manner already 
described. Tho washing is then continued on tho filter, until the addition of 
AgN0 3 solution to the last few drops of the washing water no longer gives any 
turbidity. This precipitate is reserved for the further treatment which is described 
in Experiment 18 ( 85 ). 


Accelerated Filtration. 

It is often desirable to hasten tho processes of filtration and of washing. 
This is especially tho case when a flocculcnt precipitate is being dealt with. 

78. Acceleration by Lengthened Funnel-tube.— One of tho simplest 
moans of increasing tho rato of filtration is to attach to tho funnel an ordinary 
glass tube, bent as is shown in Fig. 45. As 
soon as tho filtrate has filled tho tubo, tho 
weight of the column of liquid tends to draw 
tho liquid through tho filter, and tho rate of 
filtration is accordingly increased. 

Another simple method is to attach to tho 
funnel a straight piece of thick glass tube about 
two feet in length and onlyono millimotro in 
bore. The liquid passes down the tubo in a 
nearly unbroken column, tho weight of which 
tends to draw the liquid through the paper. 

In order that these methods may bo effective, 
it is necessary that no air shall pass through the 
filter, and that the neck of the funnel and the 
attached tubo shall remain filled with water 
throughout the process of filtration. In order to 
insure this, the filter-paper must be fitted into the 
funnel with great care, and must be proved to bo 
air-tight by pouring distilled water through it. If Accelerated Filtration. 
air is drawn through between the glass and the 

paper, gentle pressure of tho finger on the moist paper will usually prevent this 
leakage by bringing the paper permanently into contact with tho funnel. 

79. Acceleration by Filter-pump. — The most rapid filtration, however, 
is secured by reducing the atmospheric pressure beneath the funnel. The full 
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atmospheric pressure, being still exerted on the surface of the liquid in the 
filter, forces the liquid through the filter. 

The pressure thus brought to bear on the filter may be greater than ordi- 
nary paper in the wet condition can support. It becomes necessary, there- 
fore, either to use specially prepared toughened filter-paper, or to support 
the ordinary paper in a suitablo way (8l), so as to enable it to withstand the 
pressure. Another means of obtaining a sufficiently resistant medium is to 
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produce a filter trom fine asbestos fibre in the manner described in paragraph 

8 2 . 

If filter-paper is used, it is fitted as follows : A funnel is selected, the 
sides of which inclose an angle of 60°. The muslin, platinum or porcelair 
cone, if required (8l, b, C, d), is placed in the funnel ; and then a dry filter- 
paper, folded in the ordinary manner, is inserted. The filter-paper is pressed 
with the finger until the supporting muslin or platinum and the paper fit tho 
sides of the funnel closely : and while it is thus held in position, the filter is 
wetted by pouring in a little distilled water. Tho overlapping edges of the 
filter-paper are pressed down by the finger, and any air-bubbles between the 
funnel and the paper are also carefully removed by pressure. 

The funnel is then fitted by means of a perforated rubber stopper into the 
neck of a clean, strong, conical filtering-flask, of about 750 o.c. capacity. 


Accelerated Filtration. 
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The flask is placed in connection with an exhausting-syringe, or better, with 
a suitable water-aspirator ( 80 ), by means of the side-tube in its nock (Fig. 46) 


For convenience in withdrawing the tiltrate or washings during the filtration, 
it will often be found convenient to substitute a vessel, provided with a tube and 
stop-cock below, for the filter flask The butter-flask 
(Fig 97, par 688) may bo used for this putpose. Or p IO 

an ordinary separating-funnel (F, Fig 47) may be em- 
ployed T he vessel is fitted, as is shown in Fig 47, with 
a branched tube, one branch (6) being connected with the 
filter-pump and the othcr('i) being provided with a stop- 
cock for the admission of air into the vessel. The filtrate 
can be allowed to flow out from this flask at any time 
during the process by opening the stop-cocks (a) 
and (c). 

Before the filtration is started, it is well to fill 
the filter with distilled water and to start the ex- 
haustion of air from the flask, in order to ascertain 
that everything is in working order. If any air is 
seen to be sucked down between the filter and the 
funnel, this may be stopped by gently pressing the 
moistened edges of the paper against the funnel. Receiver for Filtrate. 

The exhaustion should be started gradually, since 
the particles of some precipitates may be easily drawn through the paper at 
first. 



During 


Fiq. 48. 



the filtration and washing, liquid should be constantly poured 
into the filter so that it is never quite empty, otherwise fissures 
are apt to form in the mass of the precipitate. If this should 
occur, efficient washing becomes impossible, since the water ceases 
to pass through the whole of the precipitate. 

The operation of washing gelatinous precipitates is very much 
shortened by the above procedure ; moreover, if air is drawn 
through the precipitate for a few minutes after the washing-water 
has run through, the time required for drying the precipitate in 
the steam-oven is considerably lessened. 


» 8o The Geissler Water- aspirator. —A convenient form of 
water -aspirator or filter pump is that invented by Geissler (Fig. 48). It 
is shown m Fig. 4G attached to a high-pressure water-supply by means 
Geissler of stout india-rubber tubing : this tubing should have sufficiently 
Aspirator strong walls to enable it to withstand the pressure of the water. The 
rubber tubing should be fiimly bound with copper bell- wire to the 
water-tap and to the aspirator. 

This aspirator has three tubes fused into the chamber in the upper part. The 
upper vertical tube conveys the water, which passes through the contracted end 
of this tube into the opening imiqecbatcly below it. During its free passage, aftej 

* 
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leaving the jet, the water draws air from the chamber and carries it away through 
the lower vertical outlet tube Air is thus drawn through the side horizontal 
tube, and any vessel which is placed m connection with this tube will consequently 
be gradually exhausted of its air. 

The side tube of the filter-pump is connected with a tube which passes to the 
bottom of a small two-necked bottle (Fig 46) The other tube of this bottle 
passes just through the cork in the second neck, and is connected by lubber tubing 
with the side- tube of the filtering- flask. 

The two-necked bottle serves to prevent any tap-water from the aspirator from 
finding its way back into the flltering-flask. When the watei -supply is suddenly 
checked, the water from the aspirator is drawn back thiough the side-tubo by the 
partial vacuum ; but instead of entering the filtering-flask, it is received by the 
two-necked bottle The water is thus prevented from mixing with the filtrate 
in the flask. As soon as the pump is again started, the water in the bottle is 
rapidly sucked out 

A current of steam fiom a vessel of boiling water may be blown down the top 
tube of the aspirator, instead of using high-pressure water for pioducmg suction. 

81. Special Filter-paper, and Supports for the Filter, when the filter- 
pump is employed, are described below. 

(a) Thin Toughened Fillcr-papcrs can now be obtained, which will satisfac- 
torily withstand the atmospheric pressure when it is biought to bear on them. 

(b) Toughened Paper, or Muslin Support —If ordinary untoughened filter-paper 
is used, it may be most simply suppoited at the conical point by means of a small 
toughened paper cone or filter dropped into the funnel, oi a small circular piece of 
muslin may bo folded like a filter and placed in the funnel ; the filter-paper is then 
folded and pushed into position over this support. 

(c) Platinum Cone Support — The apex of the untoughened filter may also 
be suppoited by a platinum cone To prepare tins, a piece of platinum 

foil, 4 cm long by 3 cm. broad, is pierced a little 
below its middle point by a pin (Fig 49). A cut is 
made fiom the middle of Ihe longer edge to this hole. 
The corners aie then removed by cutting with scissors round 
the segment of an inscribed cucle, whose centre is the pin- 
hole, as is shown by the dotted line The foil is annealed 
by Deing heated to redness , it is then folded into a cone 
with the pin-hole as an apex, and is adjusted to fit into the 

^ « funnel. 

Platinum Support 

(d) A Pcrfoiated Porcelain Cone Support may be used with 
either a paper filter or with an asbestos filter prepared on the Gooch plan as is 
explained in paragraph 83 . 

82. The Gooch Method of Filtration through an asbestos filter is very 
convenient and expeditious. The filter is made immediately before use 
either m a suitable crucible or in a porcelain cone. If the crucible is used, 
it presents the advantage that the precipitate can be filtered, washed, dried, 
and ignited in the crucible itself 


Fro 49. 
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The platinum or porcelain crucible (Fig. 50) has a number of small per- 
forations in its bottom. A platinum cap may be fitted upon the bottom of the 
crucible during the processes of drying or igniting the precipitate. The 
porcelain crucible must be used for those pre- 
cipitates which attack platinum at a high 
temperature. 

The filtration is effected through an inner 
lining of asbestos-felt which is introduced 
into the bottom of the cruciblo. 

The crucible is prepared for use in tha 
following way : 

A short piece of broad rubber tubing is 
stretched over the mouth of a funnel which The Goocn Cmcibi . e . 
has been fitted into a filtcring-fiask in the 

ordinary manner (Figs. 46, 47). This is shown in Fig. 50. The crucible ia 
inserted in the rubber ring formed by the free end of the tube (Fig. 51). 

Some silky, fine-fibred asbestos is then mixed up with water containing 
some hydrochloric acid by rubbing it with a pestle in a mortar, and the water 
containing the suspended asbestos is stored for use in a bottle. 

Some of the freshly shaken liquid is poured into the crucible, and the 
filter-pump is started slowly. The asbestos will at once form a firm, com- 
pact felt, which covers the perforated bottom of the crucible. The felt 
is washed with water, and is made as dry as possible by drawing air 
through it by means of the pump. The crucible is then removed from 
the rubber, its bottom is covered with the cap, and its weight is carefully 
taken after it has been dried ( 84 ), and ignited ( 90 - 98 ). and cooled in the 
desiccator. 

It is well to subject the crucible containing the asbestos 
to a further washing, drying, and weighing. The weight 
should remain unchanged by this treatment. If the weight 
is reduced, this proves that some of the asbestos has been 
washed through ; it then becomes necessary to repeat these 
operations until the weight remains constant. 

A precipitate is filtered and washed in this crucible 
in the same way as in a filter and funnel, and it may 
afterwards be dried and ignited without being removed 
from the crucible. 

A porcelain perforated cruciblo containing the 
dried precipitate may be placed within a larger por- 
celain crucible; a gentle heat is then applied at first, 
and the ignition is finished at a high temperature if necessary ( 98 ). 


Fia. 51. 
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83. A Perforated Porcelain Cone may be used for the rapid filtration 
of a gelatinous precipitate which is to he subsequently dissolved from the 
filter and is not to be dried and weighed. 

It is fitted into the funnel by means of a rubber band in a similar manner 
to the crucible (Fig. 52). The pressure of the air, when the pump is in action, 

forces the overlapping part of the rubber 
F jg * 52. band down, and thus forms an air-tight 



i oint * 

\ / The cone is then filled with asbestos 
\ suspended in water, and when the pump 

V is started the asbestos forms a firm film, 
which covers the perforations of the 
cone. 

The cones are made of various sizes. 
They may be used cither with an asbestos 
film or with an ordinary paper filter. 


Gooch Fii.tf.r- cone. Exckrtmunt 17.— Transfer the liquid 

and precipitate of Al(IlO) ;j (75, l<]xp. 15) 
to a filter-paper fitted into a cone support (81) in a funnel which is connected 
with the liltcr-pump. Wash with successive quantities of hot water, until the 
washing-water as it leaves the funnel no longer turns turmeric-paper brown. 
Afterwards continue the washing, until the last few drops of the washing-water 
give no precipitate when they are boiled with BaCl ir so]uti<m and allowed to stand 
for a few minutes, Ke serve the precipitate in the filter fur further treatment, 


Drying Precipitates. 

84. The filtered and washed precipitate must now be dried and weighed. 

The precipitate may generally be dried in a filter of unknown weight (85). 
The dry filter is then burnt, and the ignited precipitate is weighed together 
with the ash of the filter (I0X-I05)- The weight of the filter-ash is usually 
so small as to be negligible : but if it affects the result, its amount must be 
determined (89) and subtracted from the total. 

It is, however, sometimes necessary to directly weigh the dried filter 
and precipitate. The filter-paper alone must for this purpose bo dried at 
100°-110° C. and weighed : the filter containing the precipitate is then dried 
at the same temperature and weighed, and the weight of the precipitate 
is found by difference (86). 

A special method of procedure must be adopted (87) when the precipitate 
requires to be heated above 110° C- in the process of drying, since the filter 
would be charred if it were heated above that temperature. 
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85. The Filter and Precipitate are Dried at 100° C., for subsequent 
Incineration of the Filter, as follows : The funnel containing the filter and 
precipitate is covered loosely with a filter-paper, so as to exclude dust, and 
is then placed in the steam-oven (59)* The funnel is usually supported on 
a shelf which is perforated with holes to receive the stems 

of the funnels : but a truncated tin cone (Fig. 53), or any Fia. 53. 
other suitable arrangement which allows the heated air 
to circulate freely around the funnel, and to heat and dry 
the filter and precipitate, may be adopted. 

Experiment 18. — The washed precipitates of BaS0 4 and 
of A1(110) 3 , from Experiments 10 and 17 (pp. 47, 52), are dried 
in the above manner. 

86. The Filter and Precipitate are Dried at a 
Temperature not exceeding no° C., and are then Filter- dryer. 
Weighed without further Treatment by one of tho 

following methods (a, b). Of these the first is the usual method of procedure, 
but tho second is sometimes adopted because it can be more rapidly carried 
out. 

(a) If the precipitate requires to be dried at 100° C., the steam-oven may 
be used ( 85 )* If a temperature higher than 100° C. is requisite the air-oven 
(6l) is substituted, but in this case the temperature must not exceed 110° C. 
else the paper w ill be charred. 

When a number of filters have to be dried at the same time a special air-bath 
of the general shape shown in Fig. 38 (p. 40) will bo found convenient. It is 
closed above by a flanged lid provided with air outlets and carrying a thermometer : 
there are air inlets below, and midway in tho interior is supported a metal frame 
carrying cross- wires at right-angles to one another, and in the squares thus formed 
the funnels arc supported. 

In all cases the weight of the dried filter, which is to bo used in the filtra- 
tion, must first be ascertained. If the liquid which will pass through the 
filter-paper is likely to extract any constituent from it, the paper should first 
be treated with this liquid ; but paper already prepared in this way can 
usually be bought. 

In order to dry the filter, it is folded ana placed in a small beaker, or in 
one of the filter-tubes (Fig. 6, p. 9), or upon one of the watch-glasses with 
clip (Fig. 7). The vessel containing the fdter-paper may then be placed on 
tho floor of the steam-oven. If the air-oven is used, the vessel should be 
placed on a tripod, made of a pipe-clay triangle or other non-conducting 
material, and must not rest directly on the metal floor of tho oven. If 
this is not attended to, the temperature of tho filter may become much higher 
than that registered by the thermometer inside the air-oven, since the heat 




54 DRYING PRECIPITATES. [87, 

will be conducted directly from the hot floor of the oven to the glass and 
filter. The filter would then become charred. 

After the filter-paper has been in the oven for about an hour, it is taken out 
and the beaker is at once covered with a w atch-glass, or the paper is quickly 
inclosed m the tube by pushing over it the second tube, or it is clamped 
between the watch-glasses. It is then allowed to cool m the desiccator, and 
is weighed when it is cold. The difference between the weight of the empty 
glasses and that of the glasses + filter gives the weight or tare of the filter. 

The precipitate is next transferred to the filter in the funnel and is washed 
and dned as has been already described (76-84)* The filter and piecqntate 
aie finally allowed to cool in the glasses, and are weighed while thus inclosed. 

In order to make sure that the filter and its contents are perfectly dry, 
the cover-glass is removed and the drying process in the oven is repeated for 
twenty minutes. The filter is then covered, transferred to the desiccator, 
allowed to cool, and weighed again. These operations are repeated until 
two consecutive weighings do not differ by more than one milligram. From 
two to three hours usually suffice for drying a filter and precipitate in this 
way. 

The weight of the precipitate is then obtained, by subti acting the 
weight of the glasses + filter fiom the weight of the glasses + piecipitate + 
filter. It would appear fiom this that it is not necessaiy to know the 
weight of the filter itself, it is, however, advantageous to know this;, m 
case the glasses should bo broken before the final weighing has been taken. 

(b) Another Method consists in diymg two similar filter- papers in the way 
already described, placing them on sepai ate scale- pans, and then adjusting them 
to pieciscly the same weight by trimming the heavier one with scissors One of 
these filters is then placed beneath the other in the funnel during the processes of 
filtration, washing and drying. The lower filter is now removed and is placed, 
during the weighing, upon the pan with the weights, and serves as a counterpoise 
to the filter which contains the precipitate. The weight of the precipitate is thus 
obtained directly by the one weighing. 

87. When the Precipitate requires to be Dried at a Temperature 
above no° 0., and to be Weighed without further Treatment, the 
weight of the filter dried at steam-heat is first determined ; and the weight 
of the filter and precipitate, after being dried at 100° C., is next 
ascertained (84). 

Then a portion of the precipitate is removed from the filter to the watch- 
glasses (Fig. 7, p. 9) and is weighed. This portion is heated to the required 
temperature for at least thirty minutes, then cooled m the desiccator 
and weighed ; and these processes are repeated until the precipitate 
ceases to lose m weight. From this result the weight which the whole 
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precipitate would possess, when dried at the higher temperatuie, can be 
calculated. 


Ignition of Precipitates. 

88. After the precipitate has been diied (85) it is usually ignited and then 
weighed. 

If filter-paper has been used, it is burnt, and the weight of the ash, if 
appreciable, is subti acted from the total weight of the ignited precipitate 
and filter-asli. The ignition of the piccipitato may m some cases be com- 
bined in one operation with the mcmeiation of the filter ( 99 , IOO) ; but the 
two processes must be scpaiately conducted if the composition of the preci- 
pitates is affected by the burning paper (I0I-I05). 

The Gooch asbestos filter will not in any case require this separate treat- 
ment. The crucible containing the dried asbestos filter and precipitate can 
be ignited as is described m paragiaphs 99 , 100 , disregarding the directions 
for dealing with the filter-paper. 

89. The Weight of the Filter-ash is usually less than a milligram, and 
is negligible, but it is well to determine tho aveiago weight of the ash of a 
filter-paper of each size which is in use. This may bo found as follows : 

Six of the cut filter-papers are selected from different pails of the packet, or 
six circular filtci -papers aie cut of precisely tho same size fiom ditTeient sheets of 
the paper. These aie carefully folded and burnt, one by one, to a peifcctly white 
ash in a weighed platinum cruciblo. The crucible containing the ash is then 
weighed. The total weight of the ash thus obtained, when divided by six, will 
give the aveiago weight of the ash fiom one lilter-paper. 

90. The Vessels used for the Ignition of precipitates are crucibles or 
capsules made of platinum, silver, nickel, porcelain, or fused silica. 

A Platinum Vessel should be used whenever it is permissible from 
considerations of suitability and cost. Platinum is attacked by fused caustic 
alkali, and silver or nickel vessels should bo employed for fusions with 
caustic alkali but these vessels are not suitable when they have to be 
weighed after the fusion, as they undeigo change in weight. Caution 
must also be used not to heat silver vessels too strongly, as they are 
relatively easily fusible. 

A thin platinum vessel can be more rapidly and uniformly heated than 
one made of porcelain, and it is not fragile ; it resists tho action of a coal-gas 
flame better than nickel does, and it is practically infusible. A crucible 
3 cm. in height and 3 cm. in diameter will be found convenient for most 
purposes (Figs. 59, 60, p. 68 ). 

A small open platinum dish or capsule (Figs. 57, 58, p. 57) will often be 
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found more convenient for the ignition of substances than a platinum crucible. 
The dish may be about 5 cm in diameter, and have an extreme depth of 
about 2 cm 

The clean empty crucible or capsule should always be heated to redness, 
and then cooled m the desiccator and weighed, before it is used. 

Porcelain Vessels are much less costly than platinum vessels, and may 
be used for the same pui poses as platinum they aie rapidly attacked by 
fused caustic alkali and by fused lead oxide, and cannot be rapidly heated 
and cooled without risk of fiacture. 

Fused Silica vessels can be bioken by a blow but not by rapid 
change of temperatme. They may be used for acid substances, but 
not for fused or dissolved alkalis oi even for strongly basic solids such as 
PbO and CaO. They aio pi actually infusible, and the loss of weight which 
they undergo by use and idealising is less than with platinum, while the 
weight for equal capacity is about the same. 

91. A Platinum or Nickel Crucible or Capsule may readily be Cleaned 
by lubbing the metal with the moistened finger, which has been dipped into 
whiting, ciushed pumice, 01 sea-sand If sand is used, it should be examined 
through a lens before it is used for tins pm pose • if the giams are seen to be lounded 
and pebble-like, the sand is suitable , but if they aie angular the sand should bo 
rejected, since it would sciatch the metal 

If the stams cannot bo thus removed fium the suifacc mechanically, a little 
KHS0 4 may be fused m the vessel The sulphate, when cold, is removed by 
boiling it with watei, and the dull suifacc of the platinum is linally polished by 
rubbing it with whiting, pumice- powder, or sea-sand. 

92. Prevention of Reduction or Oxidation during Ignition — When a pre- 
cipitate which can sufloi icduction or deoxidation is being heated, care must 

Fig. 54. Fig. 55. 

c" 

The Rose Crucible Ignition in Gas. 

be taken that the flame docs not come into contact with the ulterior of the crucible, 
else reduction of the substance may take place This is best avoided by applying 
a small flame to the bottom of the crucible, and slanting the crucible (Fig 60, p 58). 

When, on the other hand, oxidation during the ignition of the precipitate must 
bo avoided, air is excluded by passing a current of dried coal-gas or hydrogen 
constantly through the ciuciblc Rose’s peiforated lid and flanged porcelain 
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tube (Fig. 54) may be used for this purpose. A slow stream of gas is conveyed 
into the crucible by the tube, and escapes from beneath the lid. 

An inverted clay tobacco-pipe, of suitable size, may replace Rose’s lid and 
tube : the stem of the pipe serves as the gas-tube, and the inverted bowl takes 
the place of the lid, as is seen in Fig. 55. 


93 . The Crucible is usually Supported upon a pipe-clay triangle 
(Figs. 56, 58, 59, 60), or upon a triangle made of stout platinum wires twisted 
together (Fig. 57). Triangles are now made with fused 
silica coverings to the wire in place of pipe-clay. Fig. 56. 

The pipe-clay triangle should have a projecting edge I 

in the middle of each side (Fig. 56). This enables the f 

flame to pass between the crucible and the triangle, and 
secures a more uniform heating of the crucible ; it also Jf 
strengthens those parts of the triangle which are most 
subject to wear and breakage. ^ 

The triangle is ueually supported over the flame by Pipe- clay 

a tripod -stand (Fig. 59), or by the ring of a retort-stand Triangle. 

(Fig. 60, p. 58). Occasionally the burner itself serves to support the triangle 
(Figs. 57, 58). 


Pi PE- CLAY 

Triangle. 


94. The Temperature and Duration of the Ignition will vary with 
the nature of the precipitate. 

In all cases the heat should be applied gradually. This is especially 
necessary when the substance is imperfectly powdered, when it is not per- 
fectly dry, or when it is in the form of a very light powder. 


95. A Convenient Method of Igniting Precipitates at a compara- 
tively Low Temperature is shown in Figs. 57, 58. The crucible is placed 


Fio. 57. 


Fig. 58. 
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upon a triangle which rests upon the chimney of a Wallace- A rgand burner, 
the gauze top of which has been removed. When the gas, issuing from the 
ring at the bottom of the burner, is kindled and is checked sufficiently by 
the tap, a current of heated air plays against the sides of the crucible ; the 
crucible thus becomes uniformly heated without being soiled by contact 
with the flame. Any temperature up to a red-heat may be imparted to the 
crucible or capsule in this way. 


Fig. 59. 



Ignition in Porcelain Crucible. 


96 . The Ordinary Method of Ignition by means of a Bunsen Burner 
is shown in Figs. 59, 60. The crucible tests upon a pipe-clay triangle on the 
ring of a tripod-stand or of a retort-stand. A retort-stand (Fig. 60) is gene- 
rally to be preferred as a support, since it enables the height of the crucible 


Fig. 60 . 
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above the flame to bo suitably adjusted, so as to expose the crucible to the 
desired temperature, 

97 . When Loss of Liquid by Spirting might occur, the Substance 
is Heated from Above. — The crucible containing the substance is inclined 
as is shown in Fig. 60. A small flame is placed under the upper edge of the 
crucible, and the substance is heated partly by heat radiated from the lid, 
and partly by the conduction of heat down the side of the crucible. The 
ignition of the substance is finished by placing the flame immediately below 
the bottom of the crucible. 

98 . Ignition at • Higher Temperatures is secured by using the foot 
blowpipe in which air is blown from foot-bellows into a 
gas-flame. But for most purposes the Fletcher Safety 
Bunsen or the Mcker burner will amply suffice. These 
burners are specially designed to yield a “ solid ” flame 
of high temperature, which is more than sufficient to melt 
copper. 

Another form of high- temperature burner is the Teclu 
burner (Fig. 61), in which the air-supply enters the conical 
portion of the burner and is regulated by rotating the disc (a), 
while the screw ( b ) regulates the supply of gas. When a Teclu burner. 
high temperature is required, the full supply of gas is 
turned on, and the disc is then rotated until a roaring flame is produced. 



Ignition of the Precipitate and Incineration of the 
Filter in One Process. 

99 . This method is employed when the combustion of the filter-paper 
can exert no reducing action upon the precipitate. It is carried out as is 
described below. 

The filter and precipitate are first thoroughly dried in the steam-oven. 
The filter-paper, still containing the precipitate, is then folded together ; 
and the free edge of the paper is turned down, so as to inclose the precipitate 
in as small a space as possible. The filter is now placed in the crucible, which 
is nearly covered with the lid, a small space only being left for the escape of 
the gases which are formed by the combustion of the filter-paper. 

The heat must be applied with moderation at first. But as soon as the 
flame due to the burning of the combustible gases is no longer seen, the lid 
may be removed, and the heat may be increased until the required tempera- 
ture is attained. After the filter-paper has been converted into ash, and 
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the black carbon from the paper has been completely burnt, the source of 
heat is removed. As soon as tho crucible lias cooled below redness, it is 
removed by means of a pair of dean ciucible-tongs to the desiccator. The 
crucible lid is then ignited, if necessary, until it is clean, and is placed upon 
the crucible. Tho crucible is weighed with its contents as soon as it is cold. 
It will usually require about twenty minutes foi cooling. 

If the Filter-paper is Difficult to Incinerate, and blaik particles of 
carbon peisistcntly remain, the combustion may bo hastened by bunging tho 
portions of unbuint filial -paper against tho hottest poition of the uucible This 
inay be effected by a stout platinum wne, which has been fused into a piece of 
glass tubing to scivo as a handle A small blowpipe llamo may be used to produce 
a higher temperature, and thus aid in effecting tho complete incineration of tho 
paper Another plan foi hastening the combustion of the carbon is to introduce 
a gentle stream of oxygen into tho crucible Or tho told ash may be moistened 
with a drop of saturated ammonium nitrate solution, and then be carefully dried 
and again ignited. 

IOO. Ignition of the Undried Precipitate — Some precipitates, such as 
those of aluminium and chromium hydi oxides, may bo ignited without having 
been previously diiul in the steam-oven, after they have been washed and chained 
by means of the filter pump In this case tho ltd must covci the crucible until all 
the moistuie and gases have been expelled by means of a small flame placed at 
some distance below the crucible, and the heating must then be giaduall} mci eased 
Tho method of heating described in paragiaph 97 also answeis well for tins 
purpose. 

Experiment 19 — Carefully wrap up the precipitate of Al(I10) 3 , which has 
been already dried ( 85 ), and place it 111 a platinum or porcelain ciucible, which 
has been recently ignited and weighed Neaily covci tho ciucible with the lid. 
Ignite tho crucible, placed in an upright position (Fig 59, p 58), veiy slowly at 
first Then gradually increase the tempcialuio until the ciucible becomes icd-liot. 
Maintain this temperature for ten minutes, and finally heat the crucible to 
bright redness for five minutes ( 98 ) 

Remove the'flamc, then transfer the crucible to the desiccator by means of 
the crucible-tongs, and weigh it as soon as it is cold Heat the crucible once 
more, cool it in the desiccator, and weigh it again Repeat this piocess, if neces- 
sary, until the weight does not beeomo reduced by moro than a milligram by 
the last ignition. 

From the original weight of the salt used ( 75 , Exp 15), and the weight of the 
precipitate (AI a 0 3 ) obtained after ignition, the percentage of aluminium in 
potassium alum may now be calculated. 

An Example of tho method of enteung the results of the weighings and of 
making the calculations is shown below : 

Estimation of A1 in AlK(S0 4 ) 2 .12H i ,0 : 

First weight of bottle -f alum 
Second weight of ditto 

Weight of alum used 


19 8G35 
18 3980 

T4G55 
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Weight of precipitate (Al a 0 3 ) + crucible -f filter-ash . 16*7403 

Weight of crucible alone ...... 16*5809 

0*1594 

Weight of filter-ash . . • 0*0022 

Weight of A1 3 0 3 .... 01572 

The weight of aluminium in this A1 3 0 3 is found by the following proportion : 

As the molecular weight A1 3 0 3 : the molecular weight Al 8 : : weight of Al^Oj 
found : weight of Al. 

Or, as 102*16 : 54*16 : : 0*1572 : : 0*08334 

And the percentage of aluminium in the salt is found by the proportion 5 

As the weight of substance taken : the weight of Al found : : 100 : the per- 
centage weight of Al. 

Or, as 1*4055 : 0*08334 : : 100 : 5*60 

The two proportion statements may be combined into one compound proportion 
statement as follows : 

102*16 : 54*16 : : 0*1572 : weight of Al 
1*4655 .* weight of Al : 1 00 : : percentage of Al 
54*16 x 0*1572 x 100 

Hence the percentage of Al = — 7 — ~ — = 5*69 

1 102*16 x 1*4655 _ 

Now the percentage of Al in potash alum is found by the proportion : 
Molecular Atomic 

weight weight 

of alum. of A I. 

474*41 : 27 08 : : 100 : 5*59 

Hence the percentage error = 5 69 - 5*59 «■ + 0*10. 


Ignition of the Precipitate, and Separate Incineration 
of the Filter. 

This process is employed when the combustion of the filter-paper might 
exert a reducing action upon the precipitate, and in other cases in which 
it is desirable to keep the precipitate apart from the ash. Three methods of 
carrying out this process are described in paragraphs 101 , IO4, I05. 
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IOI. First Method. — The Filter is Burnt in a Platinum-wire Coil, 
and the Ash and the Precipitate are Ignited together in the Crucible. 
The dry precipitate and filter aie taken from the funnel, and the precipitate 
is carefully shaken out of the filter into the crucible or capsule. 

The crucible should meanwhile bo placed on a piece of glazed paper (Fig. 
62 ), which serves to catch any particles of precipitate which may fall outside 
the crucible. For dark precipitates white paper may be used, but for light- 
coloured precipitates dark paper is proferablo. Any particles of the preci- 
pitate which remain adhering to the filter-paper should be detached as far 
as possible, by gently rubbing the sides of the filter- paper together, and trans- 
ferred to the crucible. 

The filter-paper is now folded up as is shown in Fig. 63 , and is finally 
rolled up as is shown in Fig. 64 . It is then bound by a piece of platinum wire. 
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Preparing Filter for Incineration. 


which is coiled round it in a spiral furm. Some fairly stout platinum wire 
about six inches m length, one end of which has been fused into a piece of 
glass tubing to servo as a handle, will be found suitable. 

The filter-paper is then kindled by a Bunsen flame, and is kept glowing 
by occasionally introducing it into the flame, until the carbon is burnt away. 
A slight tap of the wire on the edge of the crucible will cause the ash to fall 
into the crucible. If the wire has been coiled into a conical spiral, the folded 
filter may bo dropped into it, and the ash may be readily turned out after 
the ignition by simply inverting the spiral. 

Any particles of the precipitate or of the filter-ash which may have fallen 
Upon the sheet of paper are then carefully transferred to the crucible by 
moans of a small camel’s-hair brush, and tho crucible and its contents are 
ignited, allowed to cool m the desiccator, and weighed. 

102. If the Precipitate contains a Metal, which may be Reduced by 
the Filter during its Incineration and may then alloy with tho platinum wire, 
great care must bo taken to fold the filter so as to inclose tho adherent precipitate 
in tho middle of tho paper coil. Or the wire may be dispensed with, and one of 
tho methods of incineiation which are described in paragiaphs 104, 105 maybe 
employed. 

103. If the Substance can be Altered in Composition by Contact with the 
Burning Filter, it is usually necessary to treat the filter-ash with a suitable 
liquid, in order to restore that part of the substance, which has been ignited on the 
paper, to its original composition. In this case the ash is allowed to fall upon a 
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separate part of the bottom of the crucible or capsule : the ash can then be treated 
apart from the main part of the precipitate. Alternative methods are described 
in paragraphs 104 and 105. 

104. Second Method. — The Filter-paper is Incinerated on the 
Crucible lid, and the Precipitate is Ignited in the Crucible, and both 
aro ultimately weighed together. 

The precipitate is shaken out into the crucible, and the last traces of 
the substance are detached from the paper as completely as possible. 

The filter-paper is then cut up into strips by a clean pair of scissors, and 
these strips are incinerated one by one upon the inverted lid of the crucible, 
which is supported on a pipe-clay triangle. The crucible and its lid are 
then ignited together. 

The filter-paper may be incinerated in a separate crucible instead of on 
the lid. 

105. Third Method.— The Filter is Burnt in the Crucible, and the 
Precipitate is then Added and Ignited. This method gives satisfactory 
results with careful manipulation, but it will be seen that a greater risk of 
loss of precipitate is incurred than by the preceding methods. The procedure 
is as follows : 

The precipitate is carefully transferred to a watch-glass or to a piece of 
glazed paper, and is covered with an inverted funnel (Fig. 65). 

Fia. 65 . 
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The filter-paper is then folded up and is incinerated by heating it in the 
crucible. Or the filter may be held over the crucible by clean crucible-tongs 
in the Bunsen flame, until most of the carbon is burnt off ; the residue is 
allowed to drop into the crucible, and the incineration is finished in the 
crucible over the Bunsen flame. 

The precipitate is then placed in the crucible, a small camel’s-hair brush 
or smooth spatula being used to sweep off the last particles from the glazed 
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surface. Finally, the crucible and its contents are ignited at the required 
temperature. 

Experiment 20 — The precipitate of BaS0 4 , which has been obtained from 
alum, and has been washed and dried (Exp. 18, 85 ), is ignited according to the 
first method (ioi) 

The precipitate is detached as completely as possible from the filter-paper, 
and is shaken into a platinum crucible standing upon black glazed paper 

The filter-paper, which still retains some of the piccipitate, is carefully folded 
and bound round by a platinum wire It is then held over the crucible, 
and is kindled by a Bunsen flame applied to it in the manner shown in Fig. 62. 
When the paper has been burnt to a white a^h, this ash is shaken into the ciucible 
by gently tapping the wire against the edge of the crucible 

Since the burning of the filter paper may have reduced the adherent BaS0 4 to 
BaS, it is necessary to ensure the reconversion ot this BaS into BaS 0 4 in the 
following way: The ash is moistened with one or two drops of dilute HC1 and 
with one drop of dilute II J S0 4 The lid is then placed on the crucible, and 
the crucible is heated lery gently over the Bunsen flame As soon as all the 
liquid has been evaporated, the crucible is giadually raised to a dull red-heat, 
and is kept at that temperature for about fifteen minutes The ciucible is then 
allowed to cool in the desiccator and is weighed It is again heated for ten minutes 
at tho same teinperatuio, and is weighed again as soon as it is cold These opera- 
tions are repeated as long as tho contents of tho crucible alter in weight 

From the weight finally obtained, the weight of the BaSO, can be found : and 
from this the percentage weight of S0 4 in the alum can be calculated. 

An Example which serves to illustrate the methods of entry and of calculation 


is given below : 

Estimation of S0 4 in A1K(S0 4 ) 2 12H 2 0 : 

First weight of bottle + salt ....... 15 8723 

Second weight of ditto .... 14 7954 

Weight of salt used . ,1 0769 

Weight of crucible + BaS0 4 + ash . . . 17 6415 

Weight of crucible alone .... 16 5806 

1 0609 

Weight of filter-ash . . 0 0022 

Weight of BaS0 4 ....... I 05S7 


The weight of S0 4 m the BaS0 4 is then found by the following proportion : 
BaS0 4 S0 4 BaS () 4 found 
233 06 . 96 06 : : 1 0587 : # 0 4363 gram S0 4 . 

And tho percentage weight of S0 4 in the potassium alum is then calculated 
from the weight of tho alum used, by the following statement : 

1 0769 : 0 4363 : : 100 : 40J32 S0 4 per cent (found). 

Now the percentage weight of SO, actually present in alum is calculated from 
the above formula for alum by the following statement : 

Alum 2S0 4 

474 41 : 192 12 : : 100 * 40 50 S0 4 per cent (by theory;. 

Hence the percentage error » 40 52 — 40 50 =*= -f 0 02, 



105-107.] 


PREPARATION OF PURE SUBSTANCES. 


65 


Preparation of Pure Substances. 

The use of pure sul stances for piactieo m tlio analytical processes of 
quantitative analysis is genoially indispensable. Some general methods of 
pui dying substances are described m tlio following paragraphs. Pure 
chemicals can now, however, usually bo obtained by purchaso. 

106 . The Process of Crystallisation is applied to the preparation of 
pure substances and of double salts 

The purity of a soluble and crystalhsablo chemical compound can usually 
bo ensured by dissolving it in a suitable medium and lepeatcdly crystallising 
it, since by this tieatment the impurities which w r oro present in the original 
substance are left behind in the mother-liquor. Many commeicial salts may 
be purified by crystallising them once or twico from their solution in water 
( 107 ). 

Double salts can usually be made by dissolving their component salts m 
suitable proportions m as little hot water as possible, and crystallising the 
mixed solutions. It should bo noted, however, that in the pioparation of a 
doublo salt, it is fiequently necessary to mix the component salts 111 propor- 
tions different from those in which they are piesent m the doublo salt ( 108 ). 


Fia. CG. 


107. In the Crystallisation of Salts or of Simple Bodies, the follow- 
ing is tho usual modo of procedure. 

A beakor, or flask, or a porcelain dish is used for the solution of tho solid 
A hot and nearly saturated solution of the solid 
in water, or in somo other suitable liquid, is 
made by stirring tho coaisely crushed solid with 
the hot liquid until the solid no longer dissolves. 

Tho hot clear solution is then decanted from 
the excess of solid into a crystallising dish. 

Many salts form insoluble basic salts when 
they are dissolved in water, and these cause 
the solution to become cloudy. This may be 
avoided by previously mixing with the water 

a few drops of the acid corresponding to the acid-radicle which is present 
in the salt. 



Hot- water Jacket. 


If any suspended matter is present, the solution must be passed through 
a filter in a funnel which is surrounded by a hot-water jacket. 

The apparatus which is used for this purpose is shown in Fig 66. It consists 
of a double-walled copper vessel in the shape of a truncated cone. In communi- 
cation with the interspace of this is a hollow projection (a). The apparatus 19 
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half-filled with water, and the water is heated to boiling by placing a Bunsen 
llame beneath tlio projection {a). In this way hot water is caused to circulate 
thioughout the copper jacket, and the funnel is kept hot during the filtration 

The clear hot solution is now received in a tlnn glass vessel which is sur- 
rounded with cold water, and the solution is constantly stirred while it is cool- 
ing, so as to promote the formation of small crystals. As soon as the crystals 
have ceased to form, the supernatant liquid is poured off, and the crystals 
aro placed upon a porous plate to drain. After the crystals have drained for 
several hours, they aro broken up, and aro finally dried by piessing them 
betwoen folds of filter-papor. They are then preserved m a well-stoppered 
bottle. 

Larger crystals may be obtained by allowing the solution to cool slowly, 
but they are liable to contain inclosed mother-liquor and to be less pure than 
small crystals. 

Experiment 21 — Weigh out roughly 120 grams of potassium alum, 
A1K(S0 4 ) 3 12II 2 0, and dissolve it in 100 c c of boiling distilled water Filter 
the solution, if necessary ; cause it to crystallise by cooling , then dry the crys- 
tals as is described above, and place them in a clean, dry, stoppeled bottle. 

Experiment 22 — Weigh out roughly 100 grams of copper sulphate crystals, 
CuS0 4 5H 3 0 ; dissolvo the salt in 100 c c of boiling distilled water, ciystallise, 
dry the crystals, and place them in a bottle for subsequent use. 

Some of the following substances may also be ciystallised for practice They will 
be of use in estimations, which are described hereafter : 

KC1; AmCl; MgS0 4 711,0 , BaCl 2 211/) ; ZnS0 4 7H,0 , 

PbfC^HjO^ 3H 2 () ; Kfirfl,-, and H 2 C 2 0 4 2H,0. 

108. In the Formation and Crystallisation of Double Salts, the 
mode of procedure varies with tho properties of the substances to be used. 

(a) The usual mothod of preparing a double salt consists in weighing 
tho simple salts in the proportions m which they aro contained m the double 
salt. A hot strong solution is then made of each salt separately ; these two 
solutions are mixed together, and the liquid thus obtained is crystallised (107). 

(b) This method, however, cannot always bo employed, since a solution 
of the component salts, prepared as is directed above, will occasionally furnish 
not only crystals of the double salt, but also of one of the component salts. 
This difficulty is obviated m the following preparation by using an excess of 
MgS0 4 .7H 2 0 : 

Experiment 23 —Preparation of MgS0 4 K 2 S0 4 6Hg0. Weigh out 87 grams 
of pure K 2 S0 4 and 160 grams of pure MgS0 4 7H 2 0 It will be noticed that 
the weight of the MgS0 4 7H g O is m excess of tho molecular proportion for the 
reason already stated Dissolve these portions separately in boiling distilled 
water ; mix the solutions, crystallise, and dry the crystals of the double salt. 
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(c) In the preparation of double salts, it must also be remembered that 
certain salts, when thoy are treated with hot water, are converted partially 
into insoluble basic salts. Hence boiling wator must not bo employed in 
dissolving them. The following preparation will serve as an example : 

Experiment 24 — Preparation of Fe(NH 1 ) J (S0 4 ) 2 6ELO. Weigh out 62 grams 
of puic Am/>0 4 , and 110 grams of pure reciystallised FeS0 4 711^0. It will 
be noticed that these weights aie in molecular propoition Dissolve each of 
these salts separately in the smallest possible quantity of distilled water, at a 
temperature not exceeding 40° C ; then mix the two solutions, add a few drops 
of dilute sulphuric acid to clear the solution, cool, crystallise, and diy the 
crystals (107). 

(d) Some double salts are most readily and completely separated from 
solution by pouring the solution into a liquid in which the salt is insoluble. 
Thus the solution of ferrous ammonium sulphate (Exp. 24) may be poured 
into alcohol, whon the double salt at once separates m a granular condition. 
The yield of the salt which is furnished by this method is also larger than 
that obtained by crystallisation. 

The following Double Salts may be Prepared, using the molecular pro- 
portions of the component salts denoted by the formula! of the double salts. The 
weighed salts are dissolved in the least possible quantity of boiling water, and 
are treated as has been described above 

A1K(S0 4 ) j . 12H 4 0 ; Cu(NH 4 ),(S0 4 ) 3 611,0 ; CuCl, 2AmC1.2H a O. 


Other Ways of Preparing Pure Substances. 

109. By Precipitation (75) and subsequent Washing (76) and Drying 
(84) many chemicals may be prepared in a pure state. 

Experiment 25 —Preparation of Pure CaC0 } Dissolve 100 grams of pure 
calcium chloride m 250 c c of distilled water. Heat the solution to boiling, 
filter if necessary, and then add a strong solution of pure Am a C0 3 as long as any 
precipitate is caused Allow the precipitate to subside, and wash it by decanta- 
tion. Then transfer the precipitate to a filter and wash it with hot water until 
the washing-water no longer gives any tuibidity with AgNO s , showing that all 
the dissolved chloride has been washed away 

Since this precipitate is voluminous, it is advisable to use the filter- 
pump (79) m order to hasten the process of filtration. A still better plan is to 
place a 7 cm. perforated porcelain disc in a large-sized funnel, cover this with a 
filter-paper 7 5 cm. in diameter, and then use the filter-pump. By continuing the 
suction the precipitate may also be almost freed from water by the passage of 
air 

Finally, dry the precipitate in the steam-oven, detach it from the filter-paper, 
and place it in a bottle for further use. 

Pure BaCO, and SrCO g may be prepared in a similar way. 
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Experiment 26 — Preparation of Pure NaCl Dissolve 100 grams of NaCl in 
400 oc of distilled water Precipitate the NaCl by passing into this solution 
a current of HC1 gas, which has beeri washed by bubbling through a little watei 
in a bottle (Note) The delivery-tube should have an inverted funnel attached 
to it, by means of a piece of india-rubbci tubing, the mouth of the funnel dipping 
just beneath the surface of the sodium chlonde solution This piecaution is 
necessary in older to prevent the salt solution fiom ascending the delivery-tube 

The passage of the gas into the solution will cause the NaCl to be piecipitated 
in small eiystals As soon as the precipitation ceases, the NaCl is tlnown upon a 
funnel containing a peifoiated disc, as described above in Expenment 25, and is 
washed twice by decantation with pure strong 11 Cl The salt is then placed 
upon a porous tile or plate to diain, and is finally fieed from HC1 and from water 
by heating it m a porcelain dish ovei a small Bunsen flame 

This pure dry NaCl is preserved for use in a stoppered bottle 

Note — Tho NaCl may bo precipitated from its satuiated solution by the 
addition of stiong hydiochlone acid solution instead of by passing tho gas 

Experiment 27 — Preparation of Pure Anhydrous Tartar Emetic 
[K(S1>0)C 4 H 4 0„]. Dissolve 100 giams of taitai emetic in the smallest possible 
quantity of water Add to this solution about twico its volume of methylated 
spirit Wash tho salt thus precipitated with methylated spirit, and diy it at 
once in the stoam-oven. 

IIO. Sublimation is occasionally used for tho purpose of separating vola 
tile from non-volatile substances, and thus effecting their purification. If a 
rolatile substanco is to be purified, sublimation may bo effected by placing 
tho substance in a porcelain crucible, and inverting over it a similar vessel. 
Tho lower crucible is then gently heated ; tho substance will volatilise and 
tho vapour will condense in the upper crucible. Tins cruciblo must be replaced 
if it bocomes hot. 

Anothor method consists in heating tho substance m a porcelain dish, and 
condensing the vapour by means of an inverted funnel placed as a cover to 
tho dish. 

Unless the substance which is to be sublimed is known to bo perfectly dry, 
it is best to allow tho first portion of its vapour to escapo and carry off tho 
moisture with it. 

Experiment 28 — Purification of Iodine Partly fill a porcelain cruciblo with 
a finely powdcied and intimate mixture of three parts of iodine with one part 
of potassium iodide. Cover this with a second crucible, and heat the mixture 
gently Remove the sublimed crystals from the upper crucible, and store them 
in a clean dry bottle. 

The mixture of potassium iodide with tho iodine, followed by sublimation, 
serves to remove chlorine and bromine from tho iodine • Cl + KI = KC1 + I. 

Experiment 29 — Resublimation of Arsenious Oxide. Introduce into a small 
poicclain dish a thm layer of As 4 O fi . Invert over this a clean glass funnel, and 
heat tho dish gently Detach the sublimate from tho funnel, and keep it in a 
bottle* for future use. 
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General Rules for Working. 

III. Many rules and precautions havo aheady been given among the 
preceding gencial directions for carrying out analytical processes. In the 
following statement these dnections are summarised, and others are added 
which will bo of gieat assistance to the student. 

1. .Befoio commencing work, see that the requisite reagent bottles are 
filled, and filter those liquid reagents which ate not clear. Keep the bench 
suiface sciupulously clean and diy duung woik. 

2. All the appaiatus which is requited for use should be perfectly clean. 

Glass and porcelain vessels may usually be cleansed by washing them with 

the brush. Or the suiface may bo tubbed with moistened sea-sand or pumice- 
powder, or water containing sea-sand or powdered pumice may bo shaken in 
the vessel. 

Grease is generally removed by the application of a hot solution of caustic 
alkali. Strong acid serves to remove many other substances. 

Metal crucibles and dishes aie cleansed and polished by rubbing them with 
moist whiting, sea-sand or crushed pumice. 

The stains on a platinum crucible may usually bo removed by fusing a 
little KHS0 4 msido the vessel, or by dipping the ciucible into the fused salt 
if tho stains aro on the outside. 

3. Before commencing the quantitative analysis of a substance of unknown 
composition, a caieful qualitative analysis should invaiiably bo made. 

4. Befoie starting any analytical process, which is unknown by previous 
experience, lead caicfully through the whole of the description which is given 
and master the details of the description. 

5. Never place a substance dnectly on tho scale-pan of tho balance, but 
put it on a watch-glass or other suitable support. 

G. No body which gives off corrosive gas or vapour should be weighed on 
a delicate balance, unless it is contained in an accurately stoppered vessel. 

7. When a weighing is finished, note down the weight at once m the Note- 
book and check it. Take cate that tho weight is entered correctly, as ono 
wrong weighing will spoil an analysis. Do not uso slips of paper for this 
pui pose, as they may be lost. 

8. Never leave weights on tho scale-pan after a weighing nas oecn fimshod 
and iccordcd and always close tho balance-case as soon as a weighing is 
completed 

9. After a body has been heated, it should be allowed to cool in the desic- 
cator before it is weighed, and it should be weighed as soon as it is cold, A 
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substance should not be allowed to remain very long in the desiccator before 
weighing it. 

Crucibles should be heated shortly before they are used, then allowed tc 
cool in the desiccator and weighed. These processes should be repeated each 
time a crucible is used. 

10. Platinum vessels and other metallic vessels, which have been heated 
to redness, should bo allowed to cool below redness before they are touched 
with brass crucible-tongs. 

11. All splashing while filtenng and pouring of! liquids must bo avoided. 
With this object a liquid may be pouied from one vessel to another by pressing 
a wotted glass rod against the edge of the upper vessel, and thus conducting 
the liquid to the inside surface of the lower one or to the surface of the liquid 
it may contain. The outer edge of the upper vessel should be gi eased where 
the liquid is pourod, m order to pi event the liquid fiom running down the 
outside of the vessel. 

12. Vessels of porcelain, nickel, or platinum should be used in preference 
to glass vessels for holding alkaline liquids. Nickel and silver basins and 
ciucibles should not be used with acid liquids. Platinum should not be used 
m the presence of aqua icgia, of mtnc acid and a chloride, of hydrochloric acid 
and a nitiato, or of fused caustic alkalis. 

13. Platinum \esscls should not be used for heating reducible compounds 
of As, Sb, Zn, Pb, Sn nor should they be used for alkalis, or for alkahno 
nitrates or cyanides, or for icducible or fusible phosphates. Fieo caibon 
and silicon aro also very injurious to platinum at high temperatures, and a 
platinum vessel is rondered brittle by being heated for any length of time 
in a gas-flamo winch deposits caibon. 

14. Capsules and crucibles of fused silica may bo used for heating non- 
alkahno substances. 

15. Vessels which require to be heated to high tempeiatuies should bo 
suppoited on platinum, pipe-clay or fiie-clay supports. Porcelain and 
other dishes, when they aie heated on a water-bath and aie to be subsequently 
weighed, should bo suppoited on glass lings. Fused silica supports are 
applicable in all those cases. 

16. A flame which is used foi heating ciucibles should bo fieo from lumi- 
nosity and stiong colour. If the flame is luminous it will deposit soot on 
the vessels with which it is m contact. If it is colouied, it will probably 
deposit zinc or copper, or their oxides, upon the vessel upon which it plays. 

17. If an operation is unfinished w'hen work ceases, the vessels containing 
the substances should be labelled before they aie put away. Never trust to 
memory m these matters . 
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Entry of Results and Calculation. 

1 12 . Entry in the Note-book. — A Note-book of not less than quarto 
size will bo found convenient for the ontry of the results obtained during 
quantitative analysis. The description and general results of the analytical 
process may be entered on the right-hand page, the left-hand page being 
reserved for the necessary calculations. 

Each stage of the analysis should be carefully and accurately entered in 
the Note-book as soon as it is completed. 

The rough entry m the laboratory may conveniently be made in pencil. 
Pencil writing is not obliterated by the chemical action of acids or of alkalis 
as is the case with writing made by various kinds of ink. 

When quantitative analysis is carried out under a teacher’s dnection, the 
student may advantageously copy out in ink, in a second Noto-book, all the 
examples worked by him ; and no estimation should be considered as com- 
pleted until its ontry has been carefully examined, checked, and initialled 
by the teacher. 

A difference of 0*2 per cent, from tho theoretical quantity, or from the 
result of a duplicate analysis, is usually tho maximum error which is allow ed 
in the case of simple quantitative estimations. 

113. Example of Entry and Calculation in the Note-book.— The 
following will serve as an example of the method of full descnptivo entry 
recommended for the student’s Note-book : 

Estimation of the Percentage amount of Water in CuS0 4 .5H,0. — 1 8645 
glams of tho coaisely powdeicd reciystalhscd salt wero carefully weighed m tho 
watch-glasses and clip The an -oven was next regulated so as to maintain a 
umfoim temperatuie of 210° C Tho clip and the upper watch-glass were removed 
and tho lower watch-glass containing the salt was placed upon a pipe-clay triangle 
m the an -oven. 

The salt was heated in tho oven for two hours The glas9 containing tho 
copper sulphate was then taken out, the upper glass and clip were quickly replaced, 
and the glasses were allowed to cool in tho desiccator, and wero weighed Tho 
uncovered salt was again placed in the air-oven and was heated for half an hour ; 


it was then allowed to cool and was weighed again 
until no fuilhei loss of weight occuired. 

These processes were repeated 

Weight of glasses and salt . 

Weight of glass alone .... 

• • • 

24 7840 
22-9195 

Weight of salt taken . 

. 

1 8645 

Weight of glasses and salt . 

„ aftci 2 houis’ drying 

„ after another half-hour 

. 24 1125 ) 

. 24 1115 / 

24 7840 

24 1115 

Weight of water driven off . 

. 

0 6725 
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Hence 1 8045 grams of the salt contain 0 0725 giam of water : 

0 0725 x 100 

Therefore the percentage weight of watei = = 


36*06. 


The calculated percentage of water . . = 30 13 

The percentage found . . =- 30 06 


Hence the error 


= - 0 07 


114. Calculation of the Results of Analysis.— Severn! examples 
have been given of the method of calculating the percentage weight of a 
substance present from the weight actually obtained. These calculations 
may be shoi toned by the use of factors and logarithms. 

115. The Use of Factors. — The process of calculation may be shoitencd 
by multiplying the result, obtained by the analysis, by a factor. A table of 
such factois will bo found m paragraph 981. The following example, applied 
to tho calculation on page 61, will illustrate the use of a factor: 

In this estimation, 0 1572 gram of A1^0 3 was found The factoi to be used 

Al, 54 2 

to convert Al^Oj into Al, «= 2 = 0*53015 Ilcnce tho weight 

of Al found - 0 1572 x 0 53015 () 08334 

The Use of Logarithms. — The logantlims used should consist of at 
least five figuics. Logantlims conespoiiding to tho factors mentioned abovo 
will bo found in paiagiapli 981, and a table of logantlims is given in 
paragiaphs 1001 and 1002. 

116. Decimal Measures (996) are used in tins book, but since capa- 
cities are often elsewhere stated 111 ounces of water, and lengths in inches, 
the loughly equivalent values arc given below 


4 oz 1 20 c v 

6 oz 200 c c 

8 oz =« 250 c c. 

J inch — 0 6 cm 

$; »» =— 1 ,, 

i „ - 1 3 „ 

1 „ = <2 5 „ 

», *=*4 „ 

2 », *=5 ,, 


10 0 / — 300 c c. 
IS oz — 500 c c 
and so on. 


3 inches =- 7 5 cm. 

3 ^ ,, — 9 ,, 

4 10 „ 

4 i ,, = 115 ,, 

6 ,, — 15 t. 


and so on 



PART II. 

SIMPLE GRAVIMETRIC 
ESTIMATIONS. 


SECTION IV. 

125. Introductory Remarks. — In the following descriptions of tho pro- 
cesses for estimating various substances, the most impoitant and typical 
processes are punted in oidinaiy type. Those which aio of less impoitanco 
are punted in smaller type, and aio placed, as far as is possible, aftor tho 
typical estimation which they most neatly resemble. Tho estimations of 
metals and acid-radicles arc generally arranged as exorcises of mcroasmg 
difficulty, rather than m tho order of their analytical groups. 

In most of the exercises the substances upon which the processes of esti- 
mation are earned out aic of know n and definite composition. The accuracy 
of tho studont’s result can therefore bo checked in each case by calculating 
the percentage of tho constituent from the f 01 inula of the substance. When 
tho body is of unknown composition, two estimations should be made. It is 
usual to consider the peicentage result w hich is obtained sufficiently accurate 
if it does not difler by 11101 e than 0 2 fiom llio duplicate losult or fiom the 
calculated theoretical losult. Tho ordinary methods of stating results and 
of calculation will bo found m tho examples on pages 04 and 71 . 

It will be noticed that tho substances which aro usually given for practice 
are soluble in water. If a substance in which an estimation has to be made 
is insoluble in water, tho student should ascertain, by experiments made 
upon a small portion of the finely pow r dcicd body, what is tho most suitable 
means of obtaining it m tho dissolved state. Tho acids may bo tried as 
solvents in the following order: hydrochloric acid , 1 nitric acid, and then a 
mixture of these two acids. 

If treatment with these solvents does not effect solution, the substance 
may generally be decomposed by treating it with about six times its weight 
of a fused mixture of sodium and potassium carbonates. Tho fused mass, 
after cooling, is then fully extracted with water, and the well- washed insoluble 
residue is dissolved by treatment with acid. 
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Tho process of treatment of an insoluble substance will probably be 
familiar to the student from his qualitative work. The special precautions 
which should bo observed when this process is used in quantitative analysis 
will be understood by reference to paragraphs 134, 136 and 211. 


Estimation of Copper in its Soluble Compounds. 

126. The Copper is precipitated as Hydroxide by solution of 
Potassium or Sodium Hydroxide ; the precipitate is ignited, and is 
weighed as CuO (Sec Note, page 75). 

Weigh out accurately about 0-5 gr.im of crystallised copper sulphate, 
CuSOj 5HoO(Exp. 22, 107), into a 500 c.c. beaker (Il6)> or, better, into a 
porcelain or platinum dishful, 12). Dissolve the salt in about 100 c.c. of 
distilled water, and add a few diops of dilute 1IC1 if the liquid is not clear. 

Cover the beaker or dish with a clock-glass to prevent loss by spirting, 
and heat tho solution to boiling. As soon as tho solution boils remove tho 
flame, take off the clock-glass, and add boiling potassium hydroxide solution 
gradually until it is piesent in excess. Then boil the liquid again, and allow 
the precipitate to subside. 

In outer to asccitam whether K 1 IO is present in excess, stir well, then allow 
the precipitate to subside, and obscivc whether the supernatant liquid has become 
colourless , also test the clear liquid with tui meiic- paper. If the liquid is colour- 
less, and gives a brown stain 011 the papei, tho piesenco of excess of the alkali is 
indicated. The addition of a huge ext ess of tho alkali should be av oided 

Tho clear liquid is now decanted through a paper or asbestos (82) filter, the 
flltiation being hastened by tho filtei-pump (79)* The precipitate is twice 
cashed by decantation by boiling it with water (76) ; it is then transferred to 
the filter by moans of a glass rod and a w ash-bottlo with a fine jot. The 
piocipitato wdnch adheics to the beaker is removed by lubbing it with a shoit 
piece of tightly fitting lubbei tube pushed upon the end of the glass rod. Tho 
washing is continued until a few drops of washing- water from the funnel 
no longer give a white piccipitate when they aie warmed with BaCl 2 solution 
and allowod to stand for five minutes. 

As soon as tho piccipitate has been completely w r ashed, tho piccipitate 
and filter aie dned m the funnel or m the Gooch crucible m the steam-oven 

( 59 )- 

The precipitate is then detached from the paper filter as completely as 
possible (I0I-I05), and is placed in a ciucible, preferably of platinum. The 
filter is folded up with the soiled sui face m the middle, and is bound round 
with a spiral of platinum wire. It is then burnt in tho Bunsen flame until 
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all the carbon is consumed. The crucible is now tapped upon the bench so 
as to cause the precipitate to collect on one side, and the filter-ash is dropped 
by itself upon the other side of the bottom of the crucible. 

The filter-ash is then moistened with two diops of stiong HN0 3 , and is 
gently heated until the excess of the acid has been duven off. The crucible 
and its contents aro heated to redness for fifteen minutes, and are weighed 
after they have cooled m the desiccator. 

The ignition is repeated for another five minutes, and the cold crucible 
is again weighed these opei ations being i epeated until the w eight is constant. 

The dried precipitate is directly ignited, as is directed above, if the 
Gooch crucible has been used. 

The weight of CuO thus obtained from the knowm weight of the salt 
enables the percentage of copper m the crystallised salt to be calculated. 

Note — Copper cannot be completely precipitated by alkahno hydrate fiom 
solutions which contain a largo quantity of alkaline nitrate or of ammonium 
salts 

Tho presence of certain non-volatile organic substances also prevents the 
precipitation from being complete • these substances should theicforc be lemoved 
before tho copper is precipitated by potassium hy dioxide This may bo effected 
by adding sodium carbonate and potassium nitrate to the solution, then evaporat- 
ing it to dryness, and fusing tho residue The ( oppci i^ dissolved out of tho icsidue 
by heating it with dilute hydrochloiic aeul, and the filtered solution is tieated as 
is directed below. 

Copper may, however, bo completely piecipitated from its solutions m the 
form of sulphide, even in tho presence of oigamc substances or of an alkaline 
nitrate ( 474 ) 

Other methods for estimating copper w ill be found in paragiaphs 405 - 408 , 
and 474. 


Estimation of Nickel in its Soluble Compounds. 

127 . The Nickel is precipitated as Nickelic Hydroxide ; this is 
converted into Oxide, NiO, by ignition, and is weighed as such (Note 
1 , page 76). 

Weigh out accurately about 0-5 gram of pure nickel ammonium sulphate, 
Ni(NH 4 ) 2 (S0 4 ) 2 .6H 2 0 (I 08 )> into a 500 c c. beaker ( 116 ), or, better, into a 
porcelain or platinum dish (m, 12). Dissolve the salt m about 100 c.c. 
of water, heat the liquid nearly to boding, and add a slight excess of solution 
of pure potassium hydiate which lias been permanently colouied by tho 
addition of excess of bromine -water. 

Now heat the liquid for some time nearly to boiling, allow the precipitate 
to settle, and wash it with hot water tlnee or four times by decantation. 
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Finally transfer the precipitate to a filter, and continue to wash it until the 
washings cease to give a precipitate with banum chloride solution. 

Then dry the precipitate in the steam-oven, and ignite it in a platinum 
crucible apart from the filter (104, I05)> heat mg the crucible at first m the 
Bunsen flame, and finishing by heating it more stiongly (98)- The flame must 
not be allowed to enter the crucible dui mg the heating pioeess, since the hot 
gases of the flame might reduce the oxide of nickel to metallic nickel, and 
thus cause the resulting weight to be too low. 

Note 1 — If non- volatile organic 'substances an* piescnt m the solution, thcao 
must be icmuvod before precipitating the nickel (126, Note) 

An Electrolylio Method for determining Ni is given m paragraph 219. 


Estimation of Oojivlt in Solution. 

128. The Cobalt is precipitated as an indefinite mixture of Hydroxides : which is 
dried, ignited m a current of Hydrogen, and weighed as Metallic Cobalt. 

Weigh out accurately about 0 5 gram of ciyst allied cobalt sulphate, 
C0SO4.7H0O. The salt must bo freshly prepared as it is cffloiesccnt. Dissolve the 
salt m about 100 c.c. of water in a porcelain or platinum dish, and heat the solution 
nearly to boiling. 

Add to the boiling liquid a slight excess of puio potassium hydrate solution 
which has boon peimanently colouied by tho addition of Br- water 111 excess : 
black cobaltic hydroxide will bo pieeipitated Wash tho prccipitato with boiling 
water three times by decantation ; then transfer it to a filter, and wash it on tho 
filter until the wasliing-watei is fiee fiom alkali ])iy the piccipitato m tho steam- 
oven, and ignite it together with tho filter (99) m a porcelain cruoiblo 

Tho residue will consist of an indefinite mixture of Co() and Co 3 0 4 together with 
traces of alkali and silica. Wash this with hot water until the washing- water is 
free from alkali, then diy and ignite it again. Now place cither an inverted clay 
tobacco-pipe, or a Rose’s lid and tube, upon the crucible (Figs 54 , 55 , page 50 ), 
and continue tho ignition while a gontlo current of pure dry hydrogen is passed 
through tho pipe or tube (Note) 

Tho contents of the crucible are heated to dull redness in tho stream of hydrogen 
for about fifteen minutes, and the metal is then allowed to cool in the stream of 
gas. 

Tho ignition in hydrogen must be repeated until the weight becomes constant 

From tho weight of metallic cobalt finally obtained, tho percentage ol cobalt 
in the compound may be calculated 

Note — Tho hydrogon is generated by tho action of pure dilute sulphuric acid 
upon granulated zinc (1012), oris supplied fioin a cylinder of the compressed gas 
(1013). It must be completely dncd by being passed thiough strong sulphuno 
acid. 
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Estimation of Iron in tts Soluble Compounds. 

129. The Iron is precipitated as Ferric Hydroxide; this is 
ignited, and weighed as Ferric Oxide, Fe>O a . (Note 1 ) 

Weigh accurately about 0 5 gram of ferrous ammonium sulphate, 
Fe(NH 4 ) a (S0 4 ), GH 2 0 (108 c), into a 500 c c. beaker (Il6), or, better, into a 
porcelain or platinum dish (III, 12). Dissolve this m about 100 c.c. of dis- 
tilled water, containing a little dilute sulplmiic acul. 

Convert the ferrous into ferric salt by heating the solution and then 
adding gradually sufficient strong nitric acid or bromine- water (Note 2). 
This change is known to be nearly comploto when the addition of the 
last drop of strong nitric acid pioduces no brown colour in the solution, 
or when the colour of the bromine is retained by the liquid for about ten 
minutes. The change to feme salt should be pioved to bo complete, by 
adding a small drop of the dilute solution to a drop of freshly prepared 
potassium fen icyanido solution on white poicclam, when no blue colour 
must appear. 

To the hot solution of tlio feme salt add a little AmCl solution and then 
AmOH solution m excess, and boil. Wash the pieeipitato twice by decanta- 
tion ; then transfer it to the filter, using tho filter- pump to hasten the filtra- 
tion. Continue tho washing with tho wash- bottle until the washing-water 
gives no precipitate with BaCl 2 solution. 

Diy the precipitate in the steam-oven, and then transfer it to a crucible. 
Incinerate the filter apart (I0I-I05) and add it to tho precipitate. Finally, 
ignite tho pieeipitato at a bright red heat over the Bunsen flame until its 
weight is constant. 

From the weight of the Fe 2 0 3 thus obtained, tho percentage of iron may 
be calculated. 

Note 1 — If non-volatile organic substances are present, these must be removed 
before precipitating the iron (126, Note) 

If tho iron is present either as the ferrous or ferric salt of a volatile acid, includ- 
ing sulphate, it can be readily converted into Fe^Oj by evapoiation with sulphuric 
acid, and subsequent ignition to bright redness over the Bunsen-flame as long as 
it continues to lose weight. 

Note 2 — Solutions of ferric salts will not require tho above preliminary treat- 
ment with nitric acid, or bromine- water, but may bo precipitated at once with 
AmOH solution. 

Volumetric Methods for Estimating Iron will be found in paragraphs 308- 
314, 322 and 323. 
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Estimation of Aluminium in its Solutions. 

130 . The Aluminium is precipitated by Ammonium Hydrate 
solution, as Aluminium Hydroxide ; this is converted into Oxide, 
A1 2 0 3 , by ignition, and is weighed as such (Notes 1 , 2 ). 

Weigh out accurately about 0 G gram of pure recrystalhsed potassium 
alum, A1K(S0 4 ) 2 .12H 2 0 (Exp. 21, 107 )> into a 500 c c. beaker (Il6),or, better, 
into a porcelain or platinum dish (1 1 1, 12). Dissolve the salt m about 100 c.o. 
of water, add ammonium chloride solution in moderate quantity (Note 3), 
and then ammonium hydrate solution m slight excess. Cover the dish with 
a clock-glass, and heat the liquid to boiling. Continue the boiling until 
the liquid smells only faintly of ammonia. 

Wash tho precipitate by decantation, and transfer it to a filter, using the 
filter-pump to facilitate filtration. Continue tho washing of tho piecipitate 
upon tho lilter until tho washing- water is fice from sulphate ; dry tho filter 
and precipitate m the steam-oven, unless they have been already considerably 
dried by uso of tho filter-pump, and ignite tho precipitate together with the 
filter in a ciucible (Exp. 19, page GO). Heat tho crucible gently at first, and 
finally expose it to a white heat over the blowpipe-flame. Repeat the ignition 
until the weight becomes constant. 

Eiom tho weight of A1 2 0 3 thus obtained, tho percentage of aluminium 
may bo calculated. 

Note 1. — If the student has already estimated aluminium (Exp. 19, page 60) 
the process need not be repeated here 

Note 2 — If non-volatile organic substances are present, theso must be removed 
before the A1 is precipitated (126, Note) 

If aluminium is present only in tho form of chloride, nitrate or sulphate, it 
may be directly converted into Al^Oj by evaporation with sulphuric acid and 
subsequent ignition over tho blowpipe until the residue ceases to lose weight. 

Note 3 — Aluminium hydroxide may exist in solution m the colloidal state It 
is precipitated from this solution in the gelatinous form by the addition of 
ammonium chorule. 


Estimation of Chromium in Solutions of Chromic Salts. 

13 1 . The Chromium is precipitated by Ammonium Hydrate as Hydroxide; 
this is converted into Oxide, Crp*, by ignition, and is weighed as such (Note). 

Weigh out accurately about 0’G gram of pure reerystallised chrome-alum, 
CiK(S0 4 ) 2 12H 2 0, into a poiecUin or platinum di.sh. Dissolve the substance in 
about 100 c c of water, add a little AmCl solution and then a slight excess of 
ammonium hydrate solution. Then heat the contents of the dish to a temperature 
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just below the boiling-point, and continue the heating until the supernatant liquid 
becomes perfectly colourless. 

Then filter, wash, div, and ignite tho precipitate in the same manner as was 
described m tho estimation of aluminium ( 130 ) 

From the weight of the Ci,Oj thus obtained, the peicentage of chromium is 
calculated. 

Note — If non- volatile organic substances aie piesent, they must be removed 
before precipitating the chromium ( 126 , Note). 


Estimation of Chromium in a Soluble Chromate. 

132. The Chromate is reduced to a Chromic Salt by Sulphurous Acid, or by 
some other suitable Reducing Agent : the Chromium is then procipitated as 
Hydroxide and is estimated as Cr,Oj (131)* 

Weigh out accurately about 0 5 gram of pure potassium dichromatc, K 2 Cr 2 0 7 , 
and dissolve it in about 100 e c of water Add a strong aqueous solution of sulphur 
dioxide, or pass sulphui dioxide gas through tho liquid, until the red colour of tho 
solution changes to puie bluish green 

Estimate the chionuum in this solution 111 the same manner as has been 
de k cubed above ( 131 ) 

A Volumetric Process for estimating Chromate will be found m paragraph 
354. 


Estimation of SO* in a Soluble Sulphate. 

133. The S 0 4 is precipitated as BaSo 4l and is weighed in this 
Form ( Notes 1 , 2, page 80). 

Weigh out about 0*5 gram of pure recrystallised CuS0 4 .5H 2 0 (Exp. 22, 107) 
into a 500 o.c. beaker. Dissolve this in about 100 c.c. of distilled water 
containing a little dilute HC1, and heat the solution to boding (Note 3, page 80), 

To the boiling CuS0 4 solution add excess of boiling BaCl 2 solution drop 
by drop, and keep tho liquid just boiling for about fifteen minutes. Then 
allow the white precipitate to subside. Pour off the supernatant liquid 
through a filter, taking care not to disturb the precipitate. Wash the preci- 
pitate twice by decantation. Finally, transfer it to the filter, and continue 
the washing until the last few drops of the washing-water give no turbidity 
with AgNO a solution. 

Dry the filter with the precipitate, and ignite the precipitate apart from 
the filter (IOI-I05), preferably m a platinum crucible (Note 4, page 80). 

Before igniting the precipitate detach it as completely as possible from the 
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filter. Then ignite the precipitate and the filter-ash together for about 
fifteen minutes at a dull led heat, allow the cruciblo to cool, and weigh it. 
Those operations must bo lcpeated until the weight is constant. 

Any BaS () 4 which is left adhering to the filter-paper will be reduced to 
BaS during the incineration of tho filter. If BaS is thus produced m any 
appreciable quantity it will cause tho weight of tho precipitate to be too low. 
The BaS m tho filter-ash should therefore be converted into BaS0 4 by the 
following procedure. 

Tho filter-ash, which has been dropped into a separate part of the crucible, 
is moistened with two drops of dilute HC1, and a drop of dilute H 2 S0 4 is added 
The contents of the crucible are then very gently heated until the liquid has 
been ovaporatod, groat care being taken to avoid loss by spirting. The 
cruciblo and its contents aro finally strongly ignited, and are weighed after 
they have been allowed to cool. 

From the woight of BaS0 4 thus obtained, tho percentage of SO* may 
be calculated. 

Note 1 — This estimation need not be repeated here, if it has been already carried 
out (Exp 20 , 105 ) 

Note 2 — Tho presence of nitric or chloric acid causes tho BaSO, to be mingled 
with a precipitant of barium mtiato 01 chloiate Since these salts cannot bo 
removed from tho BaS0 4 by washing, the nitric 01 chloric acid must be removed 
by evaporation with HC1 before tho sulphate is precipitated by BaCI, 

Certain metallic salts also show a tendency to bo precipitated with tho BaS0 4 . 
Ferric and copper salts may give trouble in this way and are best removed by 
suitable prccipitants before tho addition of tho BaCl^ solution. Potassium salts 
and other substances aie removed fiom the BaS0 4 precipitate by the method 
described in Note 4 below 

Note 3 — It is well to add about 20 c c. of strong ammonium chlonde solution ; 
tho precipitate of BaSO* will then bo granular, and will therefore subsido rapidly 
and be readily filtered. 

Note 4 — When very accuiato results are required, tho precipitate should bo 
pui died in the following way fiom co-precipitated substances Moisten the 
precipitate in the crucible with a few drops of watci, then add a little very diluto 
hydiochlonc acid, warm gently and decant oil tho liquid through a small filter. 
Repeat this opeiation several times, dry the ciucible, incineiate the filter, adding 
the filtoi-ash to the precipitate, ignite and weigh again. 


Estimation of S0 4 in an Insoluble Sulphate. 

134 . If the Sulphate is Insoluble in Water and in Acids it must be decom- 
posed by fusion with alkaline carbonates The following example will lllustiate 
this piocess : 

Weigh out accurately about 0 5 gram of pure finely powdered BaSO* into a 
platinum crucible, and add to it about 0 grams of finely powdered fusion mixture 
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(Na^COj + KJ 20 S ). Mix the substances in the crucible by stirring them with a 
thin glass rod rounded at its end. Then heat the covered crucible over a small 
Bunsen flame, the size of which is gradually increased until the alkaline carbonates 
begin to fuse. Now chango the position of the crucible lid until a slight opening 
is formed, through which the progress of the fusion can be watched, and so adjust 
the flame that the alkaline carbonates remain m a fused condition for at least ten 
minutes. Complete the process by heating the crucible over the blowpipe flame. 

Now cool the crucible rapidly by placing it upon a mass of iron. Then lay it 
upon its side in a porcelain dish or beaker, and allow it to stand m cold distilled 
water until the solid mass can be readily detached fiom its interior by a glass rod. 
This process may be hastened by heating the water. 

Remove the crucible from the water by a clean pair of tongs, and carefully 
rinse it out into the solution with the wash-bottle Crush any solid particles 
which remain, filter the liquid, and wash the undissolvcd BaC0 3 upon tho filter 
with boiling water, until tho washing- watci gives no alkaline reaction. Mix tho 
filtrate with the washings, and acidify the liquid with dilute HC1, guaidmg against 
loss by effervescence (66) 

Then precipitate tho sulphate as BaS0 4 from the nculilied solution, as is directed 
in paragraph 133. 


Estimation of Barium in its Soluble and Insoluble Compounds. 

135. The Barium is precipitated from solution aa Barium Sulphate, and is 
weighed as such (133, Note 1). 

Weigh out accurately about 0 gram of pure rocry^talliscd barium clilonde 
(BaCIrt 21f 2 0) into a .“>00 c c beaker (116), and dissolve it in 100 e e of watci, to 
which some dilute hydioehloue acid has been added. 

Heat the solution to boiling, and add a slight excess of boiling dilute sulphuno 
acid Wash the precipitate by decantation ; filtei, wash and dry the precipitate, 
and ignite it as was desenbed under the estimation of sulphate (133). 

Fiom the weight of tho BaS0 4 thus obtained, calculate tho percentage of 
baiium. 

136, Barium Compounds, which are Insoluble in Acid, are fust subjected 
to fusion with alkaline carbonates ( 134). The barium carbonate residue, which is 
left upon the filter, after the fused mass has been tieated with water, is well washed 
and transferred to a beaker This may bo effected by pushing a hole through 
the filter with a thin glass rod, and then rinsing both rod and filter with the stream 
from the wash- bottle. 

Hot dilute HC1 is then poured through the filter into the beaker, in order to 
dissolve the BaC0 3 still adhering to the filter as well as that m the beaker. The 
filter is then washed well, the washings being allowed to flow into the beaker The 
solution is finally precipitated and the weight of tho BaS0 4 is determined as is 
directed above (135) 

The weight of Ba is then calculated from the weight of BaS0 4 . 
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Estimation of Strontium in its Sort bit and Insoluble Compounds. 

137 The Strontium is precipitated from solution as Strontium Sulphate, and is 
estimated as such. 

Wc lgh out accuiately about 0 5 giam of pure precipitated stiontium caibonate, 
SiC0 3 (109, Exp 25), into a coveicd 500 c c beaker (1 16) Dissolve the caibonate 
in a little dilute II Cl, and add about 50 c e of distilled water Add dilute sulphurio 
acid m excess to this solution Then add a quantity of methylated spmt, about 
equal in volume to the liquid in the beaker, m older to render the piecipitation 
complete Allow the liquid to stand until the piecipitatc has subsided ; then filter 
and wash the precipitate with methylated spirit until the washings give no precipi- 
tate with Bad, solution Diy the precipitate 111 the steam-oven, and ignite the 
pieeipitate as was described under the ignition of BaSO, (133) 

Eiom the weight of SiS0 4 thus obtained, the peieentego of stiontium may be 
ralculated. 

138. Strontium Compounds, which are Insoluble in Acids, aie fused with 
alkaline caibonates (134) The residue, which is insoluble in water, is dissolved 
in H(1 (136), and the Sr is piecipitated as is dueclcd above ( X37). 


Estimation of Sulitiur in Sulphides. 

139. The Sulphide is converted hy a Suitable Oxidising Agent 
into Sulphate, and the Sulphate is precipitated and estimated as 
Barium Sulphate, BaS0 4 . Fiom the weight of BaS0 4 obtained, the 
weight of sulphur, which was ouginally present as sulphide, is calculated. 

The choice of the oxidising agent to be employed will depend upon the 
nature of the sulplndo winch is to be oxidised. Thxee methods are described 
below. 

The first method (I 40 ) is specially applicable to soluble sulphides. 

The other two methods (141, 142) are used for insoluble sutyhides. 

140. Oxidation by Bromine. — The solution of sulphide may bo oxidised 
by adding bromine-water free from sulphuric acid {Note), and then gently 
warming the liquid. 

The solution is at first coloured by the bromine, but the colour disappears 
as the oxidation proceeds. In order that the oxidation may be known to be 
complete the broimne-w F ater must be added until the warm liquid retains its 
colour for about ten minutes. The liquid is then boiled until the bromine 
has been expelled, and the sulphate produced by the oxidation is precipitated 
by BaCl 2 solution, as is directed m paragraph 133. 

Note — Bromine is freed from sulphuric acid by careful rcdistillation, and is 
then shaken with water until the water is saturated. This bromine-water must 
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be proved to bo free from sulphuric acid by giving no precipitate on the addition 
of BaCI 2 solution. 

141. Oxidation by Sodium Peroxide. — Weigh accurately about 0 5 gram 
of very finely powdered zinc-blende, fiee from lead, mto a platinum ciuoiblo 
(Nate). Mix it intimately in the crucible with about 4 grams of the sodium 
peroxide in very tine powder, and heat the coveied eiucible by supporting it 
about two inches above a small Bunsen flame. 

The mass will glow throughout, and will then settle down in the fused 
condition. Allow the mass to remain fused for three minutes ; and extract 
it, when it is cool, with water ( 134)1 taking duo pi era ut ion against loss of 
liquid which might anso from the effervescence caused by the evolution of 
oxygen. Neutralise the gieatei part of the NaOH, if the liquid is stiongly 
alkaline, with HC1 ; filter the liquid if necessary, acidify the clear solution 
with hydrochloric acid, and precipitate the sulphate by baiium chloride 
solution (133). 

Note — Since sodium peroxide attacks platinum somewhat sciiously, it is well 
to use a silver or nickel eiucible. Some samples of the pci oxide contain metallic 
sodium, which alloys with platinum and spoils the eiucible A small quantity of 
the peroxide should tlierefoie be heated m the* flame on platinum foil before it is 
heated in tho eiucible. If the foil is affected, the pei oxide must not be heated m 
a platinum crucible. 

It should be rcmcmbciod that the peroxide must not he brought into contact 
with combustible substances or with water, since it produces a violent reaction 
with those substances. 

142. Oxidation by Nitric Acid —Weigh out accurately about 0 5 gram 
of very finely powdered zinc-blende, free from lead, mto a 300 c.e. flask. Intro- 
duce mto the nock of the flask a small funnel to prevent loss by spirting during 
solution (Fig. 34, p 30), and pour upon the powder some strong nitric acid. 
When the powciful action of the acid has somewhat abated, heat tho flask 
in the water-bath until the sulphur, which may separate at first, has dissolved. 

The solution of the sulphur is more rapidly effected by allowing the acid 
to cool, then adding about one cubic centimetre of bromine, free from sul- 
phuric acid, and warming. 

Then carefully transfer the liquid to a porcelain dish, add a little sodium 
chloride to convert the free sulphuric acid into non-volatile sodium sulphate, 
and evaporate the liquid to a small volume over the water-bath. 

Remove the nitric acd by repeatedly evaporating the solution to dryness 
with strong hydrochloric acid, and as soon as the nitric acid has been expelled, 
dilute the liquid with much water, precipitate the sulphur, present as sulphate, 
with BaCl 2 solution, and weigh the BaSo 4 thus formed (133). 

Since the composition of zinc -blende is vai lablc, and the mineral seldom consists 
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of pure ZnS, the theoretical percentage of sulphur required by the foimula ZnS 
is rarely found. The accuracy of the analysis must therefore be checked by making 
a duplicate determination of the sulphur. 

A Volumetric Method for estimating H s S will bo found m paragraphs 339- 
341 ; another method, depending on the evolution of H,S is dcscnbed under Iron 
and Steel analysis (534). 


Estimation of S0 3 in a Sulphite. 

143. The Sulphite is converted into Sulphate hy the addition of Bromine-water, 
and is estimated as Barium Sulphate, BaS 0 4 . 

Weigh out accurately about 0 5 cram of crystallised sodium sulphite, 
Na 2 S0j.7H 2 0, into a 500 c c beaker Dissolve it 111 about 100 e e of water, eon- 
taming a little dilute 1IC1. Then add bi online- water fiee fiom sulphuric aeid 
(140, Notv ), until the liquid remains distinctly yellow 111 colour Now nearly 
covei the beaker with a clock-glass and boil the liquid until the hi online is expelled. 

To the colourless liquid add BaCl 2 solution m excess, and detenu me the weight 
of the BnS() 4 precipitate in the manner already described in pain graph 133 

From the weight of BaSOj thus obtained, the pci cent age of S0 3 present in tho 
sulphite may be calculated 

A Volumetric Process foi estimating sulphite is ghen in paiagruphs 342- 
344 


Estimation of S 2 0 3 in a Thiosulphate. 

144 . The Thiosulphate is converted into Sulphate by Bromme-water, and is estimated 
as Barium Sulphate, BaS0 4 . 

For piaetiec in this process about 0 f gram of iceiystalli-ed sodium thiosulphate, 
Na2S 2 0 3 5if 2 0, is accurately weighed and is dissolved m watei lb online- water, 
free from sulphuric acid (I40» Notv), is then added until the solution remains yellow 
in colour, and the liquid 13 heated until the sulphur, which scpaiates, is ictlissolved 
The excess of bromine is then removed by boiling the liquid, and the sulphate is 
estimated as is desenbed in paragraph 133 

From the weight of BaS0 4 obtained, tho percentage of S 3 0 3 is calculated 
A Volumetric Process for estimating thiosulphate is given in paragraph 

345 


Estimation of Calcium in its Soluble Compounds. 

The Calcium is precipitated from the solution of the calcium 
salt as Calcium Oxalate, which is converted either into Carbonate 
or into Oxide, and is weighed as such. 

145* Weigh out accurately into a 500 c c. beaker about 0*5 gram of preci- 
pitated calcium carbonate (I09> Exp. 25), or of Iceland-spar. Pour in some 
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water, and add dilute hydrochloric acid gradually m quantity sufficient to 
dissolve the carbonate, guarding against loss of liquid by effervescence ( 65 ) 
Dilute this solution with water until its volumo is about 100 c.o. 

Heat the liquid nearly to boiling. Then add a slight excess of ammonium 
hydrate solution, and finally add a boiling solution of ammonium oxalate in 
moderate excess. Allow the liquid to stand until the precipitate has subsided 

Note . — The precipitate of CaC^Oj usually settles very slowly, and passes at fiist 
through the filter To obviate these inconveniences the method of precipitation 
may bo altered as follows 

Make the liquid alkaline, and heat it to boiling. Then take away the flame 
and add gradually about 1 gram of pure finely powdered ammonium oxalate, 
while stirring continuously, and again heat the liquid to boiling. When the flame 
is taken away, the precipitate will subside 111 a few minutes. 

As soon as the precipitate has completely subsided, pour off the liquid 
through a filter, taking care not to disturb the precipitate. Wash the preci- 
pitate in the beaker two or three times with hot water by decantation. Finally, 
transfer the piecipitate to the filter by means of a glass rod tipped with rubber 
tubing, and a wash-bottle with a fine jet. Wash the precipitate on the filter, 
until the last few drops of the washing- water no longer render silver nitrate 
solution turbid. Then dry the filter and precipitate in the steam-oven. 

146. The Precipitate of Calcium Oxalate is now converted into Car- 
bonate. With this object it is transferred, as completely as possible, to a 
platinum crucible. The filter-papor is burnt m a platinum-wire spiral (IOI), 
and the ash is allowed to drop into the crucible. The crucible is then covered 
with the hd and is heated very gently ; it is finally heated for about twenty 
minutes to a temperature sufficient to cause the bottom of the crucible to 
appear faintly red when it is shaded fiom direct light. The crucible is weighed, 
after it has been allowed to cool m the desiccator. 

Note — The burner represented in Figs 57, 58 (p 57) will be found specially 
suitable for the above puipo^o, since by its means a moderate and uniform tempera- 
ture is easily obtained. The 'platinum capsule shown m these figures may also 
advantageously replaco the crucible. 

After the crucible has been weighed, its contents should be moistened with 
strong ammonium carbonate solution. It is then dried in the steam-oven, 
heated again to faint redness for a few minutes, allowed to cool, and once more 
weighed. These operations must be repeated until the weight no longer 
increases by the treatment. The object of the above procedure is to ensure 
the conversion into carbonate of any calcium oxide, which may have been 
formed by heating the precipitate too strongly. 

From the weight of CaC0 3 thus found, the filter-ash is subtracted, and the 
percentage of calcium may then be calculated. 
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147 Conversion of the Calcium Carbonate into Oxide — If the w eight of the 
calcium carbonate, obtained by igniting the oxalate, does not exceed one gram, 
the result of the above estimation may bo controlled by weighing the calcium also 
as oxide. Indeed, if the original precipitate is small m amount, the oxalate may 
with advantage bo converted dncctly mto oxide, and be weighed as oxide instead 
of as carbonate 

In order to convert the calcium carbonate into oxide, the crucible and its 
contents are heated to bright redness (98) for fifteen minutes ; they are then 
allowed to cool, and aro weighed The crucible is once more heated for five 
minutes in the same way, and is weighed again after it has cooled. These operations 
must be repeated as long as they cause the crucible and its contents to lose m weight. 
The weight of substance finally left in the crucible is that of the calcium oxide 
and the filter-ash. 

From the weight of CaO thus found, the peicentage of calcium may be calcu- 
lated 

▲ Volumetric Method for estimating Calcium is given in paragraphs 326-328. 


Estimation of C 2 0 4 in a Soluble Oxalate. 

148. The Oxalate is precipitated as Calcium Oxalate, either m neutral solution 
or in a solution rendered acid by acetic acid The Calcium Oxalate is then ignited 
and is weighed either as Carbonate or as Oxide. 

Weigh out accurately about 0 5 giam of puie ciystalhscil ammonium oxalate, 
(NlI^CVjO* HoO, and dissolve it in about 100 c c of water. Heat the solution to 
boiling, and piecipitate the oxalate by adding a solution of calcium acetate in 
slight excess Filter ofl the precipitated calcium oxalate and conveit it into carbo- 
nate or oxide by ignition, as has been described m the estimation of calcium (146, 

*47)- 

From the weight of CaC0 3 or of CaO thus obtained, the peicentage of C,0 4 is 
calculated. 

A Volumetric Method for estimating oxalate is given m paragraph 325. 


Estimation of Chlorine in a Soluble Chloride. 

149. The Chlorine is precipitated as Silver Chloride, AgCl, and 
is weighed as such {Note 1 ). 

Weigh out accurately about 0*3 gram of pure sodium chloride (I09> 
Exp. 26), and dissolve this m about 100 c.c. of cold water in a 500 c.c. beaker. 

Add to the cold solution a little dilute nitric acid, and then fxcess of silver 
nitrate solution. Shield the precipitate from daylight as much as possible 
during the whole of the estimation, smeo AgCl darkens m the light and suffers 
slight decomposition and loss of weight during this change. Heat the liquid 
in the beaker for some time, taking care not to let it boil ; this will cause the 
small particles of AgCl to unite together into flocks. 
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Wash the precipitate m the beaker by decantation three times with hot 
water containing a little nitric acid ; then transfer it to a filter (Note 2), and 
continue the washing with watoi acidified with HN0 3 , and finally with hot 
water only. The washing may be considered to be finished, when the addition 
of a drop of hydrochloric acid to the last few drops of the washing-water 
produces only a very faint turbidity (Note 3) 

Dry the precipitate in the steam-oven. Then ignite it apart from the 
filter-paper in a 'porcelain crucible, following one of the three methods (ISO- 
152) which are described below. 

From the weight of silver chlonde obtained, the percentage of clilonne is 
calculated. 

Note 1 — If a heavy metal is present in the solution, a basic chloiido may be 
formed Any heavy metal should thcreforo be removed by piecipitation with 
AmOH, KOH oi Na^COj solution before the estimation is commenced. 

Note 2 — If a Gooch crucible ( 82 ) is used the washing is much more rapidly 
effected. The crucible and contents are dried fiist at 100° C. and finally at 130° C. 
until the weight is constant. 

Note 3 — The filtiates and washings from the above estimation contain silver, and 
should be pieserved in the silver-rcsiduo bottle together with the piccipitato ( 153 ). 

150 . First Method. — The piecipitate is detached from the filter-paper as 
completely as possible, and is placed m a porcelain crucible. The filter is 
folded and rolled up, carefully keeping the small portion of adheient preci- 
pitate in the centre of the roll and out of contact with the wne (IOI, 102). 
The paper is then supported by a coil of platinum wire, and is incinerated in 
the usual manner. 

During the incineration of the filter, metallic silver is always formed. This 
will alloy with the platinum if it comes into contact with the red-hot wire, 
causing a loss m the weight of the AgCl found. This explains the necessity of 
keeping the precipitate from contact with the wire during incineration (Note). 

The filter-ash is added to the precipitate in the crucible, and the metallic 
silver in the ash is converted into chloride by moistening the ash with two 
drops of strong nitric acid, and then adding two drops of hydrochloric acid. 
The excess of acid is finally removed by evaporating cautiously to dryness. 

The crucible is then gently heated over a small Bunsen flame, until the 
silver chloride begins to fuse at its edges. It is allowed to cool m the desic- 
cator, and is weighed. The ignition should be repeated until the weight of 
the silver chloride becomes constant. 

Note . — The possibility of loss of Ag from this source is reduced in proportion 
to the care with which the AgCl is removed from the paper. The loss is entirely 
avoided by employing either of the methods described in paragraphs X04, 151, 
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151. Second Method — The method described m paragraph 105 is well 
suited for the ignition of this precipitate, since silver chloride can be readily 
transferred without loss from the filter to the crucible. 

The dry precipitate is turned out upon a piece of glazed paper, and is 
covered with a funnel. The filter is then folded, and its upper edges, which 
are free from silver chloride, are held in the flame by means of the crucible 
tongs, and the ash thus produced is allowed to drop into the crucible. Or the 
filter may be cut into strips, which are separately burnt in the crucible. The 
removal of any unburnt carbon from the ash is completed by heating the 
crucible. The ash is now treated with nitric acid and then with hydrochloric 
acid as is directed above (150), and is dned by evaporation. The precipitate 
is finally transferred to the crucible and is ignited with the ash. 

152 . A Third Method of igniting the precipitate and burning the filter is 
described under the estimation of bromide, which follows m paragraph 154, 

153. Removal of AgCl from the Crucible — After the determination has been 
finished, the silver chloride may be detached from the crucible as follows : Place 
on the silver chloride a few pieces of granulated zinc, and pour m sufficient 
dilute sulphuric acid to cover the zme and tho chlonde completely The silver 
chloride will be gradually reduced to metallic silver, which is easily detached fiom 
the crucible and poured of! with tho liquid into the silver residue bottle 

Two Volumetric Methods for estimating chloride are given in paragraphs 

373, 37<J- 


Estimation op Bromine in a Soluble Bromide. 

254. The Bromine is precipitated as Silver Bromide, AgBr, and is weighed as 
such. 

Weigh out accurately about 0*3 gram of pure sodium bromide, NaBr, and 
proceed to estimate the bromine which it contains by a method similar to that 
described for estimating chlorine m a chloride (149) 

According to this method, solution Of hydrobromic acid is required for the 
conversion of silver in the filter-ash into silver bromide Hydrobromic acid solu- 
tion is rarely kept in the laboratory, and the necessity for using it may be avoided 
by adopting the following special process of weighing the filter-ash. 

Transfer the precipitate from the filter to a porcelain crucible as completely 
as possible, and ignite it in the same manner as has been already described for the 
silver chloride precipitate (150) Allow the crucible to cool, and weigh it 

Incinerate the filter in a coil of platinum wire, allow the ash to fall into the 
weighed porcelain crucible containing the precipitate, and then weigh the crucible 
again. The increase of weight of the crucible after the ash has been added, less 
tho weight of the filter-ash, will give the weight of metallic silver which has been 
formed from the AgBr which remained adhering to the filter-paper. 

Almost the whole of the precipitate is thus weighed as AgBr. The weight of 
the AgBr which remained in the filter-paper is calculated from the weight of Bilver 
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found in the filter-ash. This weight is added to the weight of AgBr already 
obtained, and thus the total weight of the original silver bromide is found. 
From this weight the percentage of bromine is calculated. 

▲ Volumetric Process is described in paragraph 373 . 


Estimation of Iodine in a Soluble Iodide. 

X 55 The Iodine is precipitated as Silver Iodide, Agl, and is weighed as such. 

Weigh out accurately about half a gram of pure potassium iodide, KI. 
Proceed to estimate the iodine which it contains, in a similar way to that already 
described for the determination of chlorine in a chloride ( 149 ). 

The silver iodide, which remains adhering to the filter, is not reduced to metallio 
silver during the incineration of the filter, as is the case with the chloride and the 
bromide : the special treatment of the filter-ash is therefore unnecessary. 

Silver iodide, however, undergoes appreciable loss by volatilisation when it is 
heated to a high temperature Caic must therefore be takon to detach the precipi- 
tate as completely as possible from the lilter, so as not to expose any appreciable 
quantity of silver iodide to the high temperature produced by the incineration of the 
filter. The silver iodide in the crucible must also, fer the same reason, be heated 
only to a dull red heat. 

From the weight of Agl obtained, the percentage of iodine is calculated. 

A Volumetric Process which serves for estimating iodide is given in paragiaph 

373- 


Estimation of C10 3 in a Soluble Chlorate. 

156 . The Chlorate is converted by a suitable Reducing Agent into Chloride 
and is estimated as Silver Chloride ( 149 ). 

Weigh out accurately about 0 3 gram of pure rccrystalhsed potassium chlorate, 
KC10 V into a 500 c c. beaker. Dissolve the salt in about 100 c c of water, and 
add 50 c c of a 10 per cent solution of ferious sulphate crystals Heat the liquid 
with constant stirring until it begins to boil, and maintain the boiling for fifteen 
minutes. Then allow the liquid to cool and add nitric acid until the precipitated 
basic ferric salt is dissolved. 

Precipitate the chloride, which has been produced by the deoxidation of the 
chlorate, with silver nitrate, and collect and weigh the AgCl as has been described 
in paragraph X 49 . 

From the weight of AgCl thus obtained, the percentage of C10 3 is calculated. 

A Volumetric Method for estimating chlorate is given in paragraph 355 . 
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Estimation of Cyanogen in a Soluble Cyanide. 

157. The Cyanogen is precipitated as Silver Cyanide, AgCN, and is weighed as 
such ; or the AgCN is ignited, and the Ag is weighed. 

Weigh out accurately about 0 5 gram of potassium cyanide, KCN, and dissolve 
it in about 100 c c. of water in a 500 c c. beaker. Add excess of silver nitrate 
solution, and then acidify the liquid with dilute nitric acid. Allow the precipitate 
to settle in the cold, and treat it in one of the following ways (a, b). 

(a) Wash the precipitate m a Gooch crucible (82) or on a tared filter (86), and 
dry it at 100° C. in the air-oven until the weight is constant. From the weight 
of AgCN thus obtained, the percentage of cyanogen may bo calculated. 

(b) Wash the precipitate on an untared filter ; dry it m the steam-oven , ignite 
the filter in a porcelain crucible, and then add the precipitate ( 105 ). Heat the 
crucible again over the Bunsen ilame and weigh it, and repeat the ignition until 
the weight becomes constant From the weight of metallic silver which remains 
after the complete expulsion of the cyanogen, the percentage of cyanogen present 
in the original cyanide can bo calculated. 

Note . — Commercial potassium cyanide is not pure, and varies in composition ; 
hence it will not yield the theoretical percentage weight of cyanogen corresponding 
to the formula KCN. In order to check the accuracy of the result obtained, it 
is necessary either to use chemically pure potassium cyanide or to make a duplicate 
determination of cyanogen m the commeicidl salt. 

A Volumetric Method for estimating cyanide is given m paragraph 374 . 


Estimation of Silver in its Soluble Compounds. 

158. The Silver is precipitated as Chloride, and is weighed as 
such. 

Weigh out accurately about 0*3 gram of pure recrystallised silver nitrate, 
AgN0 3 , and dissolve it in about 100 c.c. of cold distilled water ; then add a 
small quantity of dilute nitric acid. 

To this solution add dilute hydrochloric acid, with constant stirring, and 
in slight excess. The addition of another drop of HC1 must not cause any 
further precipitate in the clear liquid from which the precipitate has subsided. 

Boil the liquid containing the precipitate for a short time ; then decant 
the liquid, and wash the precipitate three times by decantation with boiling 
water containing a little HN0 3 . Transfer the precipitate to the filter, and 
complete the washing with water acidified with HN0 3 , and finally with hot 
water only. 

As soon as the washing-water is shown to be free from chloride, by remain- 
ing clear when it is testod with AgNO a solution, dry the filter containing the 
precipitate in the steam-oven. Then ignite the precipitate in a porcelain 
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crucible, apart from the filter, in the manner described under the estimation 
of chloride (150-152). 

From the weight of silver chloride thus obtained, the percentage of silver 
can be calculated. 

Volumetric Methods for estimating silver are given in paragraphs 371, 372, 

375. 


Estimation of Lead in its Soluble Compounds. 

159. The Lead may either be precipitated as Carbonate, which 
is converted by ignition into Oxide, and is weighed as such (160) ; 
or the Lead may be precipitated as Sulphate, and be weighed as 
such (161). 

160. Estimation of Lead by precipitation as Carbonate, and con- 
version into Oxide, PbO. — Weigh out accurately about 0-5 gram of crystal* 
lisod lead acetate, Pb(C 2 H 3 0 2 ) 2 .3H 2 0, and dissolve it m about 100 c.c. of 
distilled water containing a little acetic acid. Add ammonium carbonate 
solution, containing a small quantity of AmOH, 111 slight excess, and warm. 
Addition of the ammomacal salt in large excess must be avoided, since this 
would redissolve some of the precipitate which is for ned. 

Wash the precipitate until it is free from alkali, and dry it in the steam- 
oven. Detach the dry precipitate from the filter-paper as perfectly as pos- 
sible, and ignite it m a porcelain crucible. Since lead very readily alloys with 
platinum, the methods described in paragraphs 104, 105 will bo found most 
suitable for the incineration of the filter. 

After the filter has been burnt, moisten the ash with nitric acid, and 
remove the excess of acid by cautious evaporation. Now heat the precipitate 
together with the filter- ash to redness in order to expel the carbon dioxide 
completely from the precipitate, taking care not to fuse the residue of lead 
oxide. 

As soon as the weight becomes constant after repeated ignition, the 
percentage of lead can be calculated from the weight of PbO found. 

161. Estimation of Lead by precipitation as Lead Siflphate, and 
weighing the Sulphate. — Weigh out the lead acetate and dissolve it in 
water as is described above (160). Then add dilute sulphuric acid in slight 
excess, and mix with the liquid twice its volume of methylated spirit. This 
addition of alcohol is necessary in order to render the precipitation complete. 
Allow the precipitate to settle, and filter off and wash it on the filter with 
methylated spirit until the sulphuric acid is removed. 
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Dry the precipitate in the steam -oven, and ignite it apart from the filter 
(104, 105)* Then reconvert any lead sulphate, which has been reduced 
during the incineration of the filter, into sulphate, by treating the filter-ash 
with a few drops of nitric acid and one drop of dilute sulphunc acid. Evapo- 
rate the excess of the acids, and finally ignite the dried residue. Then heat 
the crucible repeatedly to dull redness until the weight of the sulphato becomes 
constant. 

From the weight of PbS0 4 thus obtained, the percentage of lead is calcu- 
lated. 

A Volumetric Method for estimating lead is given in paragraph 329. 


Estimation of Bismuth in its Soluble Compounds. 

162. The Bismuth is precipitated as Carbonate, and is subse- 
quently converted into Oxide by ignition, and is weighed as such. 

Add water to the solution of bismuth nitrate ( Note 1), acidified with nitric 
acid (Note 2), until the volume of the liquid is about 100 c.c. Then add solu- 
tion of ammonium carbonate in very slight excess, and heat for a short time 
It is necessary to guard against the presence of a largo excess of ammonium 
carbonate in the liquid, since the bismuth carbonate precipitate is distinctly 
soluble in this reagent. Filter, wash and dry the precipitate, and ignite it 
apart from the filter, as is described under the estimation of lead as PbO 
(l60). 

From the weight of Bi 2 0 3 thus obtained, the weight of bismuth may be 
calculated. 

Note 1. — It should be noted that neither chloride nor sulphate of bismuth must 
be present in a solution in which bismuth is to be estimated by this method, since 
these salts are first converted by ammonium carbonate into basic chloride or 
sulphate, which is not decomposed by the further addition of ammonium carbonate. 
A solution containing chloride, sulphate, or other salt of bismuth may be precipi- 
tated as sulphide; the sulphide is then dissolved by heating it with somewhat 
dilute nitric acid ; this solution is filtered, if necessary, and is then precipitated 
by ammonium carbonate as is directed above. 

Note 2 — In order to obtain a known weight of bismuth nitrate in solution for 
carrying out the process described below, pure bismuth oxide, Bi^Oj, is ignited to 
redness until its weight is constant : about half a gram of the oxide is exactly 
weighed, and is dissolved in a little dilute nitric acid. 
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Estimation of Zinc in its Soluble Compounds. 

163. The Zinc is precipitated as Carbonate, and is subsequently 
converted into Oxide by ignition, and is weighed as such. 

Weigh out accurately about 0*5 gram of pure recrystallised zinc sulphate, 
ZnS0 4 .7H0 2 (107, Exp. 22). Dissolve this in a 500 c.c. beaker in about 150 
c.c. of water. Heat the solution nearly to boiling, and add sodium carbonate 
solution in very slight excess. Boil for a short time ; then allow the preci- 
pitate to settle, and wash it three times by decantation with boiling water ; 
finally filter off the precipitate, and finish the washing on the filter. The 
washing should be continued until the washing-water shows no alkalinity to 
test-paper, and gives no precipitate with BaCl 2 solution. 

Dry the precipitate m the steam-oven, and ignite it apart from the filter 
(IOI), using a porcelain crucible. 

In order to prevent the zinc oxide from being reduced during the incinera- 
tion of the filter, which would result in the loss of zinc by volatilisation, the 
following precautions are necessary. The filter-paper must be freed from the 
precipitate as far as possible, and must then be wetted with strong ammonium 
nitrate solution and dried. It must then be carefully incinerated at the tip 
of the flame in a coil of platinum wne, and the ash added to the precipitate 
in the crucible. 

The crucible and its contents are heated to redness over the Bunsen flame 
until the weight becomes constant, care being taken to guard against the flame 
entering the interior of the crucible during the ignition. The flame might 
reduce the zinc oxide, and cause loss of zinc by volatilisation. 

From the weight of ZnO ftius obtained, the percentage of zinc may be 
calculated. 

Volumetric Methods for estimating zinc are given m paragraphs 378, 379. 


Estimation of Manganfse in its Soluble Compounds. 

164. The Manganese is precipitated as Carbonate ; this is con* 
verted by ignition into Mn 3 0 4 , and is weighed as such. 

Note . — A known weight of manganese in solution is most easily obtained by 
reducing a weighed quantity of pure potassium permanganate in solution by 
sulphurous acid. 

Weigh out accurately about 0*5 gram of pure recrystallised potassium 
permanganate, KMn0 4 , into a large porcelain dish. Pour sulphurous acid 
solution upon the crystals, or pass sulphur dioxide gas into their aqueous 
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solution, until the colour of the permanganate disappears. Continue the 
addition of sulphurous acid, until any oxide of manganese, which forms, is 
redissolved. Then add sodium carbonate solution m excess. 

Wash the precipitate first by decantation and then on the filter, until the 
washing-water gives no alkaline reaction to test-paper. Then dry the filter 
and piecipitate in the steam-oven. 

Mix together the filtrate and washing- water, which always contain a 
little manganese, and evaporate the liquid to dryness m a platinum or porce- 
lain dish. Then treat the lesidue in the dish with hot water, filter, wash 
the insoluble hydrated oxide of manganese with hot water on a separate 
filter, and dry it in the steam-oven. 

Ignite both of the precipitates apart from the filters (IOI) in the same 
crucible, and proceed in the following manner to fiee the manganese oxide 
from the alkali which it still retains. 

Turn out the precipitate and ash into a small porcelain or agate mortar, 
add hot water, and iub the precipita f o with the pestle to ensure thorough 
mixture of the solid with the water. Filter through a fiesh filter, and wash 
the manganese oxide on the filter with hot water until no sodium coloration 
is given to the Bunsen flame, w'hen the last drop of the washing-water is 
evaporated and ignited in a loop of clean platinum wire. 

Then dry the precipitate and ignite it apart from the filter (IOI) at a 
bright red heat (98), taking care that the flame does not enter the crucible. 
Kepeat the ignition until the weight is constant (Note). 

From the weight of the Mn 3 0 4 thus obtained, the percentage of manganese 
is calculated. 

Note . — The composition of this precipitate will vary with the temperature and 
the degree of exposure to air duiing its ignition It may, however, be converted 
definitely into Mn 3 0 4 by dissolving it in sulphunc acid, carefully evaporating 
the solution of MnS0 4 to dryness and then heating the residue to redness over the 
Bunsen burner 

Volumetric Methods for estimating manganese dioxide aie given in para- 
graphs 35 I- 353 * and a method for estimating permanganate will be found in 
paragraphs 318 - 320 . 


Estimation op Magnesium in its Soluble Salts. 

165. The Magnesium is precipitated as Magnesium Ammonium 
Phosphate (MgNH 4 P04.6H 2 0) ; this is converted by ignition into 
Magnesium Pyrophosphate, Mg 2 P 2 0 7 , and is weighed as such. 

Weigh out accurately about 0*5 gram of pure recrystallised magnesium 
sulphate, MgS0 4 .7H 2 0 ( 107 )* into a 500 c.c. beaker. Dissolve this in about 
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50 c.c. of cold water, add a little AmCl solution, and then AmOH solution 
in moderate excess. 

The presence of AmHO in excess is necessary, since the phosphate preci- 
pitate is slightly soluble in pure water, but is practically insoluble in water 
containing ammonia. If a precipitate forms when the AmHO solution is 
added, this precipitate must be redissolved by adding more AmCl solution. 

To the clear alkaline liquid add an excess of sodium phosphate solution 
(Note 1 ), and stir the liquid vigorously. Take care that the stirring-rod 
does not touch the inside of the beaker, as this would lead to deposition of 
the precipitate on the glass. 

Allow the liquid to stand at rest for twelve hours, and then filter it. This 
delay is recommended in order to ensure the complete precipitation of the 
double phosphate. But if the solutions are mixed m a stoppered vessel 
instead of m a beaker, and the mixture is at once vigorously shaken for five 
minutes, the precipitation is rendered complete without this lengthened 
standing, and the precipitate may bo filtered off in about half an hour. 

The precipitate is washed on the filter with AmHO solution. This is 
made by diluting one measure of AmHO solution, of 0*880 specific gravity, 
with three measures of water. The washing must be continued until a few 
drops of the washing-water, after being acidified with nitric acid, give no 
opalescence with silver nitrate solution. 

The precipitate is now dried in the steam-oven, and is either ignited apart 
from the filter (IOI), as is directed under (a) ; or the filter and the precipitate 
are ignited together (b). 

(a) The precipitate is detached as completely as possible from the filter 
and is transferred to a platinum crucible. The filter is incinerated in a coil 
of platinum wire, by heating it at first very gently and finally exposing it to 
a red heat. The filter-ash (Note 2) is then dropped into the crucible. 

The crucible is now covered with the lid, and is heated for about ten 
minutes gently by a small flame ; it is then heated to redness, and finally to 
bright redness ( 98 ). It is now allowed to cool in the desiccator, and is 
weighed. The ignited precipitate should be perfectly white, and the igni- 
tion should be repeated until it ceases to lose in weight. 

(b) The precipitate may be wrapped up in the dry filter, and ignited at a 
red heat in a platinum capsule ( 95 ). The use of the blowpipe is unnecessary. 
The process will usually require about twenty minutes. 

From the weight of Mg 2 P 2 0 7 thus obtained, the weight of Mg may be 
calculated. 

Note 1. — Some authorities state that the addition of AmOH before the phosphate 
causes the formation of Mg 3 P a 0 8 which remains unaltered when it is heated. The 
following procedure will obviate this: To the boiling solution, which must be 
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neutral or slightly acid and free from ammonium salts, add sodium ammonium 
phosphate or miciocosmic salt solution, drop by drop, until precipitation is complete. 
The greater part of the magnesium will now have been precipitated as MgHP0 4 . 
Allow the solution to cool and add with constant stirring one-third its volume of 
ammonia solution of 0 88 specific giavity. The amoiphous precipitate will be at 
once changed into crystalline MgNH 4 P0 4 0H 2 O, and the magnesium still in solu- 
tion will be thrown down m the same form. 

Note 2. — The ash should contain no particles of carbon. These may remain 
if the precipitate has been heated too stiongly at first, since the precipitate is 
thus partially fused, and incloses charred pai tides of the filter which aie then 
burnt only with extreme difficulty. 


Estimation of P0 4 in a Piiosi>hate. 

166 . The P0 4 is precipitated as Magnesium Ammonium Phos- 
phate, MgNH 4 P0 4 .6H 2 0 ; this is converted by ignition into Mag- 
nesium Pyrophosphate, Mg 2 P 2 0 7 , and is weighed as such. 

Weigh out accurately about 0*5 gram of pure recrystalhsocl sodium phos- 
phate, Na 2 HP0 4 12H. 2 (), into a 500 c.c. beaker, and dissolve it m about 
100 c.c. of water. Add sufficient ammonium hydrate solution to make the 
liquid smell slightly of ammonia, then add a slight excoss of “ magnesia 
mixture ” ( 167 )- Stir the liquid vigorously with a glass rod without touching 
the interior of the vessel, and allow the vessel to stand for at least twelve 
hours to ensure complete precipitation ; or shako the liquid vigorously m a 
stopperod glass cylinder for five minutes, when precipitation will be com- 
plete (jVote). Then treat the precipitate in the manner described under the 
estimation of magnesium ( 165 )- 

From the weight of Mg 2 P a 0 7 thus obtained, the percentage of P0 4 may 
be calculated. 

Note . — The precipitation may also be effected as is dcscubed in Note 1 ( 165 ), 
the “ magnesia mixture ” being added befoie the ammo.iu soli tion. 

167 . Preparation of " Magnesia Mixture "—Dissolve one paTt of crystal- 
lised magnesium sulphate, or, better, the equivalent weight of magnesium chloride, 
in eight parts of distilled water. Dissolvo m this solution two parts of ammonium 
chloride, and then add four parts of ammonium hydrate solution of 0 88 specific 
gravity. Allow this mixtuio to stand for several days, and then decant the liquid 
from any solid matter which has settled down. The clear liquid is used for the 
precipitation of phosphate. 

168 . Phosphates which are Insoluble in Water should be dissolved m 
dilute nitric acid. The solution, which must contain very little phosphate, is 
mixed with a large excess of solution of ammonium molybdate in nitric acid ( 520 ), 
and the temperature of the liquid is maintained at about 40° C. for some hours. 
The precipitate thus obtained is filtered off, and the filtrate is treated as above 
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with additional molybdate solution. The whole of the precipitate producible by 
the molybdate is then filtered off and washed with water containing a little nitno 
acid. It is then dissolved in ammonium hydiate solution, and this solution is 
precipitated by magnesia mixture as is described above ( 1 66 )* 

A Volumetric Method for estimating phosphate is given in paragraph 380 . 


Estimation of As0 4 in a Soluble Arsenate. 

169 . The As0 4 is precipitated as Mg(NH 4 )As0 4 .6H 2 0 ; this is converted by igni- 
tion into MggASgO?, and is weighed as such. 

Weigh out accurately about 0*5 gram of pure recrystalhsed sodium arsenate, 
Na^HAsO^^H^O, into a 500 c.c. beaker. Dissolve the solid m about 100 c.c. of 
cold water, then add some ammonium hydrate solution and excess of magnesia 
mixture ( 167 ). Stir well and allow the liquid to stand for twenty-four hours, or 
Bhake it vigorously for five minutes in a stoppered glass cylinder. Then filter, 
and wash the precipitate thoroughly with ammonium hydrate solution as was 
described in the estimation of Mg ( 165 ). Finally, dry it in the stoam-oven. 

Separate the dry precipitate as completely as possible from the filter, and place 
it on a sheet of glazed paper ( 105 ). Then saturate the filter with strong ammonium 
nitrate solution ; dry it, and incinerate it in a porcelain ciucible, heating gently 
at first and gradually raising the temperature to a red heat. 

As soon as the filter has been completely incinerated, transfer the precipitate 
also to the crucible (Note). Cover the ciucible with a perforated lid carrying a 
gas- tube, as is shown m figure 54 or 55 (page 56), and heat the precipitate in a slow 
current of oxygen, which may be supplied fiom a cylinder of the compressed gas 
(IOI 3 ). Gradually raise the temperature to bright redness, and then allow the 
crucible to cool, and weigh it. Repeat tho above process of heating in oxygen 
until tho weight of the crucible and its contents becomes constant. 

The above special method of ignition is necessary in order to prevent the 
occurrence of reduction and the consequent loss of As by volatilisation ; it further 
servos to secure a residue of fixed composition. 

From the weight of Mg^As^Oy thus obtained, the percentage of As0 4 may be 
calculated. 

Note . — Instead of heating the precipitate in a current of oxygen, a small crystal 
of ammonium nitrate may be dropped into the crucible, which is then heated 
gradually to redness, caie being taken that the flame does not enter the crucible. 


Estimation of Sodium in Sodium Chloride. 

170. The Sodium Chloride is converted into Sodium Sulphate, 
Na 2 S0 4 , by treatment with H 2 S0 4 followed by evaporation and 
ignition, and is weighed as such. 


7 
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This process is applicable to any sodium compound which, after it has been 
treated with strong H 2 S0 4 and the residue left after evaporation has theii been 
ignited, leaves pure Na 2 S0 4 as a residue. 

Weigh out accurately about 0-5 gram of purified NaCl ( 109 . Exp. 26) into a 
platinum cruciblo. Moisten this with as small a quantity of water as possible, 
and add concentrated sulphuric acid drop by drop, quickly replacing the 
cover of the crucible after each addition of acid. As soon as the whole of 
the salt has been aoted upon, heat the crucible and its contents cautiously 
over a small Bunsen dame. 

The crucible should be supported in an inclined position, and be almost 
covered by the lid, a small opening only being left to permit the fumes of the 
sulphuric acid to escape ; and the heat should be applied near the top of the 
crucible, in order to prevent the liquid from creeping up the sides of the 
vessel (Fig. 60, page 58). 

White fumes must escape during the process of heating, since their evolu- 
tion proves that H 2 S0 4 has been added in excess. The crucible should be 
heated to redness for at least fifteen minutes after the fumes have ceased 
to appear. It is then allowed to cool in the desiccator, and is weighed. The 
above processes should be repeated until two consecutive weighings are 
identical, after the crucible has been ieheatod for five minutes. 

The saline mass becomes pasty during the process of heating. This is 
due to the change of the sodium bisulphate, which is first formed, into the 
less fusible normal sulphate. 

The change from bisulphate into normal sulphate may be accelerated by 
the introduction of a little powdered ammonium carbonate into the crucible, 
while it is faintly red hot. The hd is then replaced, and the crucible is strongly 
heated for a few minutes. This treatment should be repeated until the 
weight of the crucible and its contents becomes constant. 

From the weight of Na R S0 4 thus obtained, the percentage of Na can be 
calculated. 


Estimation of Potassium in Potassium Chloride. 

Two methods of estimation are described. The potassium is either 
Weighed as platini-chloride ( 171 ) or as sulphate ( 172 ). 

171 . The Potassium Chloride is precipitated as the Double 
Chloride of Platinum and Potassium, KaPtCl* and is weighed as 
such. 

This method is only applicable to those potassium compounds which can be 
completely converted into potassium chloride by evaporation with hydrochloric 




171.3 


POTASSIUM AS PLATINI-CHLORIDE. 


99 


acid, since it is only as chloride that the potassium can be completely precipitated 
by PtCl 4 solution. 

Weigh out accurately into a 10 cm porcelain dish about 0*25 gram of pure 
recrystallised potassium chloride (107)- Dissolve this m a small quantity of 
water, and add a few drops of hydrochloric acid. Then add platinum chloride 
solution in such quantity that it contains a weight of PtCI 4 at least three 
times as great as that of the KC1 used ; and evaporate the liquid on the 
water-bath, until a semi-solid crystalline mass is obtained. 

It is absolutely necessary that the platinum chloride should be present in 
excess. This is proved to be the case if the liquid is of an orange colour 
after it'has been concentrated to a small bulk on the water bath. 

Proceed to treat the residue which is left by evaporation, according to 
one of the methods (a) or (b) described below, of which (b) is somewhat the 
quicker. 

(a) First Method.— Pour alcohol upon the residue, using either absolute 
alcohol or rectified methylated spirit. Gently shake the liquid round in the 
dish, so as to mix the contents uniformly together. Allow the precipitate to 
settle completely, and pour off the liquid through a tared filter or through 
two counterpoised filters (86, a, b). Repeat theso operations twice, and 
finally transfer the undissolved double salt to the filter by means of a small 
wash-bottle containing alcohol. 

Wash the precipitate upon the filter with alcohol until the washings are 
no longer coloured ; then dry the filter with its contents in the funnel at 
100° C., and transfer it while hot to a weighed tube (Fig. 6, page 9), or to a 
small weighed beaker covered with a watch-glass ; then weigh tlu whole. 

The weight of the precipitate must now be ascertained after it has been 
dried at 160° C. (87)- As this temperature would char tho filter, the following 
special procedure is necessary. If the quantity of the precipitate suffices, 
the greater part of it may be transferred to a weighmg-bottle and weighed, and 
then heated m the air-oven to 160° C until its weight becomes constant. The 
weight which the whole precipitate would have at 1C0° 0. may be calculated 
from this result. 

If the precipitate is small in amount, as much as possible is removed to a 
clean watch-glass : the remainder is dissolved off tho filter by a few c.c. 
of hot water into a crucible and evaporated to dryness ; the precipitate from 
the watch-glass is then added, and the whole is dried at 160° C. and 
weighed. 

(b) Second Method. — Wash the precipitated double salt with alcohol m 
the dish by decantation until the alcohol is no longer coloured. Then decant 
off the alcohol through an untared filter-paper, taking care that as little as 
possible of the precipitate is poured off with the alcohol. Now rinse the 
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double salt by means of the alcohol wash-bottle into a platinum crucible, dry 
it at 160° C., and weigh it. 

Incinerate the filter (1 01), which will contain a little of the double salt, 
drop the ash into the crucible, and again weigh the crucible. The weight of 
the filter-ash is now deducted from the inciease noted in the weight of the 
crucible, and the approximate weight of platinum which has been left m the 
filter-ash is thus found. The weight of double salt which would contain this 
platinum is calculated, and this weight is added to that of the double salt 
already found m the crucible (Note 1). 

From the weight of the double salt, K 2 PtCl 6 , thus found, the percentage of 
K can be calculated ( Note 2). 

Note 1. — If the quantity of precipitate which was left on the filter is appreciable, 
the weight of KC1 which remains unchanged in the filter-ash will mtioducc an eiror : 
this weight cannot be allowed for, since much of the KOI will have been lost by 
volatilisation. If great accuracy is necessaiy, the filter is ignited m a separate 
crucible ; the KC1 is then washed out from the ash by hot watei, and the dned 
residue is weighed. The true weight of the platinum m the ash is thus ascertained, 
and the weight of doublo chloride which contained it is calculated, and is added 
to that already found. 

Note 2. — If the modem atomic weight for platinum, 105 2, has been adopted, 
the weight of K found is too low. This is due to the fact that the foimulaK 2 PtCl 6 
does not represent precisely the composition of the dried pieeipitatc,tlio molecular 
weight of which is slightly higher than that indicated by this foimula If, how- 
ever, the old atomic 197 2 is adopted, the results obtained by calculation will be 
correct, and tho weight of the doublo chloride when multiplied by the factor 
0 30561 will give the true weight of KOI which it contains. 

172. Estimation of Potassium as Sulphate — The process is precisely similar 
to that described in paragraph 1 70 for sodium compounds. It is only suitable 
for those potassium compounds which leave pure potassium sulphate, K 2 S0 4> 
when the residue, left aftor evaporation with sulphuric acid, has been ignited. 


Estimation of Ammonium in its Compounds. 

The ammonia gas is driven off by beating the substance with caustic alkali 
solution, and is estimated either gravimetrically ( 173 ) or volumetrically ( 295 * 

296). 

173. The Ammonia is expelled by heating the ammonium com- 
pound with Sodium Hydrate Solution, and is absorbed in dilute HC 1 ; 
the Ammonium Chloride thus produced is precipitated as the Double 
Chloride (NH 4 ) a PtCl< by Platinic Chloride, and is weighed as such. 

The General Description of the Process will be understood by reference 
to Fig. 67 . The weighed ammonium compound is introduced into the decom- 
position-flask (a), and the caustic alkali solution is allowed to drop upon it 
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from the dropping-tube ( b ). When this flask is heated, ammonia is evolved, 
and is absorbed by the dilute acid in the cooled absorption-flask (A). The 
absorption-tube (n) contains glass moistened with dilute acid : this acid 
retains traces of ammoma which may not be arrested by the acid in the 
flask (A). The enlargement in the tube (d) re- 
ceives any acid which may be sucked back from Fig. 67. 

the absorption-flask (A), and prevents it from 
entenng the decomposition- flask (a). 

Another form of apparatus suitable for this pro- 
cess and for that described in paragraph 295 will be 
found figured m paragraph 808. The ammonium 
compound is mixed with sodium hydrate solution 
in the large flask, and the ammonia is expelled m 
steam by heating the largo flask by a flame so as to 
keep the liquid boiling briskly, or steam is blown 
through the liquid from a separate vessel as is shown 
in the figure The steam is condensed by a 
condenser (1 01 6), and carries the ammonia into the 
acid m the receiving- flask. 

Description of the Apparatus (Fig. 67). — 

A 500 c c. round flask (a) is fitted with a rubber 
cork, thiough winch passes a dropping-tube (6) 
of about 50 c.c. capacity. The lower end of this 
tube is drawn out to a fine point. 

Instead of a funnel, a 50 c c. pipette may be Estimation of Ammonia. 
used, the lower end of which is drawn out ; the 

upper end of the pipette is fitted with a piece of rubber tubing which can be 
closed by a screw-clamp, so as to prevent the liquid which it contains from de- 
scending into the flask (Fig. 68, 6, p. 104 ). The screw-clamp takes the place of the 
stop-cock. 

This flask is connected by means of a bent tube, carrying a bulb (c), and a 
rubber joint with a 50 c.c. pipette ( d ). The connecting-tube and the top of 
the pipette must be of the same diameter, and their ends must be brought 
into close contact within the joint. This pipette passes through a rubber 
cork which is fitted in the neck of a 300 0 c. conical flask (A). The lower 
end of the pipette is drawn out to a fine point. Through the same cork a 
small absorption-tube (n), filled with broken glass, also passes. 

The conical flask is filled to the depth of about half an inch with hydro- 
chloric acid, made by diluting the strong acid with six times its volume of 
water. The acid, preferably mixed with a drop of methyl-orange ( 268 ). is 
poured into the flask through the absorption-tube (n) contaimng the broken 
glass, and the glass is thus wetted with the liquid. The point of the pipette 
is adjusted so as to dip just below the surface of the acid. 
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The whole apparatus should be screened, or placed in a fume-closet, in 
order to shelter it from draughts while it is being used, since the cooling action 
of an air-current renders the process very irregular, 

Description of tlie Process of Estimation. — About 1 gram of pure 
crystallised ferrous ammonium sulphate, Fe(NH 4 ) 2 (S 0 4 )2 6 H 2 0 , is accurately 
weighed, all crystals which show a yellowish tinge being rejected. The salt is 
introduced into the round flask (a), and is then dissolved in about 50 c.c. of 
water. 

The bulb of the dropping-tube (&) is now filled with sodium hydrate solution, 
prepared by dissolving one part of NaHO in four parts of water. The rubber 
cork, bearing the funnel and bulb-tube, is fitted into the flask, and is bound 
down with copper wiio to the neck of the flask. The connection (c) with the 
other flask (Ji) is then made by means of the rubber joint. 

The contents of the round flask are now heated to incipient ebullition, 
and the NaHO solution is allowed to drop slowly into the flask by slightly 
opening the stop-cock of the dropping-tube (b). 

As the ammonia gas is driven off, it is absoibed by the acid in the conical 
flask (A), which is kept cool by being placed m a dish of water. 

The bulb-tube (c) arrests any alkaline liquid projected by spirting from 
the boiling flask. The bulb of the pipette (d) prevents the acid from being 
sucked back into the heated flask (a) by the absorption of the ammonia, 
since, as soon as the bulb becomes partially filled with, the acid, the tip of 
the pipette is no longer submerged ; accordingly air passes up in bubbles 
through the pipette and restores the equilibrium. The point of the pipette 
must always be just immersed in the acid, and must therefore be occasion- 
ally raised as the volume of liquid in the flask increases by the condensation 
of steam. 

As soon as all the NaHO solution has flowed from the tube (b) into the 
flask, the stop-cock is closed ; the flame is then raised, and the contents of the 
flask are kept boiling briskly for about twenty minutes. Some acid must now 
remain un-neutrahsed ; this is known to be the case if the methyl-orange in 
the absorption-flask does not become yellow ( 268 ). 

The two flasks aro now disconnected, and the absorption-flask (h) f together 
with its pipetto and absorption-tube, is rinsed out with water into a porcelain 
dish. Excess of platinum chloride solution is added to the contents of the 
dish : the liquid is evaporated on the water-bath ; and the (NHJ 2 PtCI a 
is estimated in the same way as the corresponding potassium salt ( 171 ) 
except that the precipitate is finally dried at 130°. 

Note . — For the reasons already stated (Note 2, 171) the atomic weight 197 ’2 
should be adopted for platinum m calculating the result of the estimation or the 
weight of double chlundc obtained may be multiplied by tbc factoi 0 20141 to 
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obtain the weight of NH 4 C1, by 0 08107 to obtain the weight of NH 4 , or by 0*0766 to 
obtain the weight of NH S . 

The Determination may he Controlled by igniting the precipitate to redness, 
and weighing the metallic platinum which remains. 

For this purpose the crucible, containing the double salt with the filter above it, 
is covered and heated very gently for a time. The lid is then removed and the 
heat is gradually increased, care being taken to burn away the carbon of the filter- 
paper completely. The contents of the crucible are finally heated to bright redness 
and the residue of metallic platinum is weighed. This residue does not require 
to be washed, as is the case with the estimation of potassium platino-chlondo, 
since AmCl is volatile and cannot remain after ignition. 

The weight of platinum obtained must be multiplied by 0 54527 to obtain 
the corresponding weight of NH 4 C1, by 0 18416 to obtain NH 4 , and by 0*17388 to 
obtain NH 3 . Calculations involving the use of the atomic weight of Pt, 194 8, 
do not give correct results ( 17 1 , Note 2). 


Estimation of Carbon Dioxide in a Carbonate. 

174. Three methods of estimation are described below 

The first method is the most trustworthy and accurate. By this method 
( 175 ) t'h 0 carbon dioxide is liberated, and is then absorbed and weighed 
directly. 

The second method ( 182 - 185 ) depends upon finding the loss of weight 
which the carbonate undergoes by the removal of its carbon dioxide. It is 
liable to yield somewhat high results (183, Note ). 

The third method ( 186 ) measures the volume of C0 2 which is evolved by 
the carbonate when it is decomposed by an acid, 

175. By Direct Weighing. The Carbon Dioxide gas is liberated 
by treating the Carbonate with an Acid ; it is then absorbed by 
means of Soda-lime, and is weighed. 

The General Description of the Process will be understood by referring 
to Fig. 68. 

The carefully weighed carbonate is introduced into the flask (a), and is 
decomposed by acid from the pipette (b). The carbon dioxide which is 
evolved passes through strong sulphuric ac*d in the glass-bulb apparatus (d) 9 
and then through the tube (e) m which it is freed by copper sulphate from 
any hydrogen chloride which has been expelled by heat from the acid in the 
flask (a). The carbon dioxide is finally absorbed by the soda-lime contained 
in the weighed tube (/). 

The tube ig) contains calcium chloride, and is intended to prevent water- 
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vapour from passing back from the aspirator to the tube (/). The aspirator- 
bottle ( h ) serves to draw air through the whole apparatus at the end of the 
process, so as to carry over all the carbon dioxide into the absorption- 
tube (/) ; this air is freed from carbon dioxide by passing through the soda- 
lime tube (c) on its way to the pipette (6) and the flask (a). 

The tube (/) is weighed at the end of the process, and the increase in its 
weight gives the weight of carbon dioxide which has been evolved from the 
known weight of carbonate. 

Detailed Description of the Apparatus. — The apparatus employed for 
this estimation consists of a 250 c.c. conical flask (a) which is fitted with a 
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rubber cork bored with two holes. Through one of the holes passes a dropping- 
tube (6, Fig. 67, p. 101), or a 50 c.c. pipette (Fig. 68, b), the lower end of which 
is drawn out to a fine point. The bulb of the pipette is filled with the dilute 
acid which is later on to effect the decomposition of the carbonate, and its 
lower end is situated about 2 cm. from the bottom of the flask. 

On the upper end of this acid-vessel is a piece of rubber tube 20 cm. 
long, on which, if the pipette is used, a screw-clamp serves to control com- 
munication with the soda-lime U-tube (c). One end of this U-tube is 
connected with the rubber tubing, the other end being open to the air. 
This tube is intended to free the air, which is finally drawn through the 
apparatus, from carbon dioxide. 

A piece of bent glass tube is pushed through the second hole of thes rubber 
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cork in the flask (a) to the distance of about 2 cm., the lower end of the 
tube being cut off obliquely, as is shown in Fig. 67 (page 101). Attached to 
this tube are bulbs and U -tubes, connected with each other by rubber joints : 
these serve respectively for drying, purifying, and absorbing the carbon 
dioxide gas, as is explained below. 

The bulb-tube (d) contains strong sulphuric acid : it serves for drying 
the gas, and also acts as a gauge to indicate the rate at which the gas is pas- 
sing over from the flask (a). Liebig’s or Gcissler’s potash-bulbs serve well 
for tins purpose. The sulphuric acid should half fill the three lower bulbs. 

The U-tube (c) has the limb nearest the bulb-tube ( d ) filled with granular 
calcium cliloiide (179 Note). The other limb of this U-tubo is filled 
with dehydrated coppcr-sulphatc-pumice (179) m order to absorb any HC1 
which may be given off during the heating of the liquid in the flask (a). 

The stoppered U-tube (/), which is the absorption -tube for the C0 2 evolved 
from the carbonate ( 178 ), has the limb nearest to the copper-sulphate tube (e), 
the bend, and half the other limb filled with soda-lime ; the remainder of the 
tube is filled with solid calcium chloride. The soda-lime in this tube becomes 
heated when it absorbs C0 2 ; any moisture which is thus expelled is absorbed 
by the calcium chloride, and loss of weight by escape of moisture from the 
tube is thus prevented. 

The iemaimng tube (g) is filled with granular calcium chloride, and is shown 
in the figure to be in connection with a water-aspirator (h). The aspirator 
( 176 ) is connected with the calcium- chloride tube only when the evolution of 
C0 2 has ceased. It serves to draw air through the flask and tubes at the end 
of the process, and thus to carry the C0 2 over into the absorption-tube (/), 

176. The Syphon Aspirator is made from a Winchester quart-bottle (Fig. 
68, h) m the following way : A sound coik bored with two holes is fitted into the 
neck of the bottle. Into one of these holes a piece of glass tube bent at nght- 
angles is fitted, the tube passing just through the cork. Through the other hole 
in the cork passes a tube, which is bent at light-angles and roaches to the bottom 
of the bottle. When the bottle is to be used as an aspirator, a rubber tube, extend- 
ing below the level of the bench on which the bottle stands, is attached to the 
longer glass tube, which is thus enabled to act as a syphon. A screw-clamp on 
the rubber joint serves to regulate the outflow of the water. 

The bottle is now filled with water, and suction is applied to the lower end of 
the rubber tube until it is filled with water. A continuous stream of water will 
flow out through the syphon-tube after the suction is stopped. Air will enter the 
bottle through the shorter tube to supply the place of the water. A continuous 
current of air can accordingly be slowly drawn through the senes of tubes and the 
flask by attaching them by rubber tube to the shorter tube in the bottle after 
the rate of aspiration has been regulated by the screw-clamp. 

277 . Preparation of the Absorption-tubes.— Figure 69 represents a con- 
venient form of U-tube for containing the solid absorbents. The tube is washed 
perfectly clean and then rinsed with distilled water. It is then dried in the steam- 
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oven, or more quickly by driving a current of air through the tube by means of a 
foot- bellows while it is being heated gently over a Bunsen flame. 

When the absorbent is in the tube, it must always be protected from the 
external atmosphere. This is effected by closing the vertical limbs with corks, 
pushing over the side-tubes short pieces of rubber 
tubing closed with little plugs of glass rod. The 
side-tubes arc only unstopped when the U-tube is being 
connected for use in the process of absorption, and while 
it is being weighed. 

The granulated solid, which is to be introduced into 
the U-tube, must be freed from fine powder, which 
would stop the passage of the gas But since the solid 
particles absorb gas or vapour by their exterior only, 
they should bo small and uniform m size so as to expose 
the largest possible absorbent surface. 

A suitable granular powder may be produced in the 
following manner: The solid is coarsely powdered in 
a porcelain mortar, and tins powder is then shaken 
upon a perfectly dry and clean fine brass- wire sieve of twenty strands to the inch. 
The powder which passes through is rejected. The remainder is freed from large 
lumps by causing it to pass through a coarser sieve of eight strands to the inch. 
The particles which pass through this sieve are used for filling the absorption- 
tubes. The larger pieces, which do not pass through tlio coarser sieve, are broken 
up again in the mortar, and are subjected once more to the above processes of 
sifting. 

The U-tube is filled with the granular solid almost up to the level at which the 
side-tubes enter. Loose plugs of cotton-wool or glass-wool are then inserted 
to prevent the solid particlos from entering tho side- tubes Two sound corks 
of suitable size are softened by pressure, and are fitted into the open ends of the 
U-tubo. Each coik is then cut off lovel with tho top of the tube, and a little melted 
paraffin- wax is brushed over tho cork to make it perfectly gas-tight. The 
stoppored U-tube (178), which is commonly used only when weighing is necessary, 
may also be used as an ordinary absorption-tube, and vice versd. 

178. The Stoppered U-tube — The stoppered tube differs from he one just 
descubed by having a hollow stopper, open below, ground into tho upper part of 
each limb. These stoppers are wiped perfectly clean with filter-paper and are 
then greased with a little lard or vaseline to make them fit air-tight m their seats. 
At the side of the hollow stopper, and on a lovel with tho entrance of tho side-tube, 
is a pei fora tion ; so that by simply turning tho stopper round in its seat, communica- 
tion between the U-tube and tho side-tube may bo opened or closed at pleasure. 

It will be seen that by this arrangement the contact of the absorbent with the 
atmosphere may be prevented by simply turning the stopper, and caps for the 
side-tubes are unnecessary. This closed stoppered tube can accordingly be weighed 
in a more leisurely fashion than tho open tube, since it cannot increase in weight 
during the process. Solid particles are prevented from entering tho side-tubes 
by loosely filling the hollow stoppers with plugs of cotton- wool or glass- wooL 

X79. The Copper-8Ulphate-pumice, which the tube (c) contains in addition to the 
calcium chloride (Note), may be made in tho following way : Pumice-stone is granu- 
lated by powdering and sifting it in the manner already described (1 77). It it 


Fig. 69. 



Absorption -tube. 
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then heated with a moderately strong solution of copper-sulphate, and the 
liquid is poured off. The pumice, which i3 now saturated with the solution, is 
heated m the air-oven to a temperature of 200° C. until the blue colour of the 
copper salt disappears, and is used for partially filling the tube (e) as has been 
already described. 

Note . — Calcium chloride almost invariably contains a little caustic lime, which 
would absorb some carbon dioxide gas before it could reach the proper absorp- 
tion-tube (/), and would load to a low result being obtained m the estimation. 
Before using the calcium chloride for tube (c) it is therefore always desirablo to 
pass a current of dry carbon dioxide gas through it m a U-tube, then to allow 
the tube to remain tilled with the gas for about thirty minutes, and finally to 
replace the CO2 by passing a current of dry air through the tube. 

180. Testing the Apparatus. — As soon as the tubes have been connected 
with one another and with the decomposition-flask by means of rubber tubing, 
the apparatus should be tested in the following manner in order to ascertain 
whether it is gas-tight. To tho last U-tube (g) is attached a piece of glass 
tube, which dips into a beaker of water. Gentle suction is applied at (c) so 
as to cause tho water to ascend about 15 cm. in the glass tube, and the screw- 
clamp on (6) is then closed. If the level of tho water in tho tube does not 
fall after an interval of about ten minutes, the apparatus is air-tight. 

If the level of the water in the tubo descends, the apparatus must admit, 
air. The faulty rubber connection must then be found out, and tho rubber 
must be bound upon the glass tube with fine copper wire. If this is insufficient, 
the rubber joint must be replaced by a new one. 

181. Description of the Process of Estimation.— As soon as the 
apparatus has been proved to be air-tight, the estimation may be proceeded 
with as follows : 

The absorption-tube (/) is first wiped clean and dry, and carefully weighed ; 
it is then connected m its place in the senes of U -tubes. About 1 gram of 
precipitated calcium carbonate (109, Exp. 25), or of Iceland spar, is accu- 
rately weighed into the flask (a). The funnel-tube or the pipette (6) is then 
filled by suction with, hydrochloric acid, which has been made by diluting 
the strong acid with three times its volume of water, and the acid is kept in 
the pipette by closing tho clamp at the top. The cork carrying the pipette 
is then inserted into the neck of the flask and is bound down by means of thin 
copper wire. The aspirator ( h ) and the tube (c) are not attached until a later 
stage of the process. 

The clamp above the pipette, or the stop- cock of the dropping- tube, 
is now slightly opened, and the acid is allowed to drop slowly upon the 
calcium carbonate m the flask. Carbon dioxide gas will be evolved, and 
will drive out the air of the flask. The bubbles should pass through the 
acid-bulbs at such a speed that they can be easily counted* 
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As soon as all the acid has flowed from the pipette into the flask the clamp 
or stop-cock is closed, and the point of the pipette is carefully pushed down 
beneath the surface of the liquid in the flask. 

When no further effervescence occurs, the U-tube (c) and the aspirator 
are attached, the clamp above the pipette or stop- cock is opened, and slow 
aspiration is started. At the same time a small Bunsen flame is placed 
under the flask, so as to maintain the liquid at incipient ebullition and expel 
the dissolved C0 2 . The current of air, which is drawn through the appaiatus 
by the aspirator, displaces the C0 2 from the flask, the bulbs, and the first 
U-tube, and carries it into the absorption-tube (/). The speed of the air- 
current is so regulated by means of the clamp attached to the aspirator that 
the bubbles can be counted as they pass through the bulb-tube (d). 

The soda-lime in the tube (/) becomes heated by its chemical combination 
with C0 2 during the early stages of the process. It cools again as the absorp- 
tion of C0 2 ceases. Hence most of the C0 2 gas is known to have been absorbed 
when the absorption-tube (/) becomes cold. 

In order to ensuro the passage of the whole of the carbon dioxide into 
the absorption-tube (/), a volume of air, equal to about six times the capacity 
of the flask (a), should be diawm through the appaiatus. 

The U-tube (/) is then disconnected. The stoppers aie at once turned so 
as to close the side-tubes ; or, if the ordinary U-tube has been used, the rubber 
stoppers are slipped upon the side-tubes. The tube is weighed in about half 
an hour, after it has assumed the temperature of the air. The mciease of 
weight which it has undergone is the weight of C0 2 originally present m the 
calcium carbonate taken. 

From these weights the percentage of C0 2 in the CaC0 3 can be calculated. 

182. Estimation of Carbon Dioxide by Difference. The Carbon 
Dioxide gas is driven off by treating the Carbonate with an Acid, 
and the loss of weight, thus caused, gives the amount of Carbon 
Dioxide in the Carbonate. 

This method is sometimes applied to the decomposition of a carbonate by 
dilute HC1 or HN0 3 , but it is better suited for carbonates which are com- 
pletely decomposed by H 2 S0 4 . When one of the more volatile acids is 
used the results obtained are usually too high, since part of the acid is driven 
off when the liquid is heated at the end of the process. This loss may be 
prevented, when dilute HC1 is used, by causing the C0 2 to pass over copper- 
sulphate-pumice (179) before it leaves the apparatus ; any HC1 is absorbed and 
retained by the copper sulphate. 

Two forms of apparatus are described below for use in this process in 
paragraphs 183 and 184. 
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183. The Schrdtter Apparatus, shown in Fig. 70, is made of thin blown glass ; 
its total weight should not exceed 50 grams. A modified form of this apparatus 
(Fig. 71) should be used when the carbonate is de- 
composed by dilute hydrochloric acid. Each figure 
represents the apparatus at one-third its actual size. 

Description of the Apparatus . — It consists essen- 
tially of a flask (a), in which the decomposition of 
the carbonate is effected. Communicating with 
this flask there aro two reservoirs ( b ) and (c) ; also 
a stoppered opening (cf), which serves for intro- 
ducing the carbonate. 

The reservoir (6) is filled with the dilute acid. 

This acid is afterwards introduced gradually into 
(a) by removing the stopper and then turning the 
stop-cock ; it serves to decompose tho carbonate. 

The reservoir (c) is half filled with strong sul- 
phuric acid, which dries the C0 2 gas as it leaves the 
apparatus. The gas passes up through the vertical 
inner tube, then down again and out through the 
two holes at the baso of the second tube. It then 
bubbles up through the strong sulphuric acid before making its escape through 
the upper exit-tube into the air. 

The Process of Estimation . — The proportion of C0 2 in pure sodium carbonate 
may be estimated by this method. Tho salt may be prepared by heating the pure 

bicarbonate in a platinum crucible to a dull red 
heat, until it no longer loses weight by repeating 
the ignition. About 1 gram of this pure sodium 
carbonate is weighed with accuracy, and is intro- 
duced into the apparatus through the opening ( d ). 
The receptacle (6) is then nearly filled with sul- 
phuric acid, which has been diluted with five times 
its volume of water and cooled, and the recep- 
tacle (c) is half filled with strong sulphuric acid. 
The apparatus is then accurately weighed. 

The dilute acid in (6) is now allowed to flow 
slowly into (a) by removing the stopper and 
gradually turning the stop-cock. As the acid 
attacks the carbonate, bubbles of gas wdll be seen 
passing through the strong acid in (c). The speed 
at which these bubbles pass must be so regulated, 
by adjusting the flow of the dilute acid, that they 
can be easily counted. If they pass more rapidly 
than this, the gas will not be perfectly dried. 

Modified Schrotter Flask. As soon as all the dilute acid has flowed into 

the flask, and bubbles of gas no longer escape, 
the apparatus is placed upon wire-gauze on a tripod-stand over a small Bunsen 
flame. At the same time the aspirator (176) is attached by a piece of rubber 
tubing to the exit-tube of (c), and a gentle current of air is drawn through the flask. 
The liquid in the flask is heated just short of boiling, until a volume of air, equal 


Fio 71. 
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to about three times the capacity of the flask and tube?, has been drawn through 
them. The flask is then allowed to cool, and is finally weighed The loss of 
weight which it has suffered gives the weight of carbon dioxide in the sodium 
carbonate used. 

Note — This method is not suitable for very accurate analyses. The results are 
usually too high, since water may be lost from the apparatus during the heating 
and aspiration. 

184. Decomposition by Dilute Hydrochloric Acid. — Keane’s modification (Fig. 
71) of the Schrotter apparatus should be used when the carbonato is acted upon 
by dilute hydrochloric acid instead of by sulphuric acul The apparatus generally 
corresponds to that shown m Fig 70, but the upper pait of the drying-chamber 
(c) is connected by a ground joint with a tute (h ), which is filled with copper-sulphate- 
pumice (179), the pumice being kept in its place by plugs of glass-wool above and 
below. The small exit-tube ( n ) is ground into this absorption -tube below, and is 
greased or wired so as to make it keep its seat. 

The absorption-tube may be turned round m the ground socket of the drying- 
chamber. The exit-tube can thus bo brought into a convenient position f 01 being 
connected with the aspirator, while the flask is being heated. When the tube is 
in the position shown in tho figure, the whole apparatus is compact and will be 
stable on tho scale- pan. 

Tho addition of this absorption-tube causes the apparatus to yield results 
with hydiochlonc acid which are as satisfactory as those usually obtained with 
sulphuric acid. 

185. A Simple Form of Apparatus, which may be fitted from materials which 
are available in any laboratory, is shown in Fig. 72. 

It consists of a light 120 c c. flask with a short wide neck A short doubly 
perforated rubber stopper is fitted into tho neck, and 
Fio. 72. carries a tube, A A, which passes neaily to tho bottom 

of the flask, and a small calcium chloride drying- 
tube, C. Tho external ends of these tubes are 
fitted with short pieces of rubber tubing, w Inch are 
B closed with small rounded glass rods 

The dilute acid required for decomposing the 
carbonato is contained in a shoit tube, E t the length 
of which must bo so adjusted that it stands 
obliquely in tho flask without touching the stopper 
and without slipping into a horizontal position. 

The procedure with this apparatus differs from 
that with the piecedmg apparatus (183) in several 
details. 

As soon as all is ready for the decomposition, and 
CO, Estimation Flask. the whole apparatus has been weighed without the 
caps, the cap is restored to tho tube A A, and the acid 
Is caused to flow slowly upon the carbonate by tilting the flask, so as to cause a 
gradual evolution of the CO,. When all tho acid has been poured from the tubo 
and the effervescence has ceased, the flask is warmed, and finally the cap of tho 
tube A A is removed, and a slow stream of air is drawn by the aspirator (176) 
through tho drymg-tubo and flask to displace tho CO^ Tho caps arc then restored 5 
and the apparatus is weighed again, without tho caps, as soon as it cold. 
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// dilute Hydrochloric Acid is used for the decomposition of the carbonate, the 
bulb of the absorption-tube {C) must bo filled with dried coppcr-sulphate-pumice 
( 179 ) in order to prevent loss of HC1 from the apparatus, the cylindncal part 
of this absorption-tube containing granular calcium chloride. 

186. Estimation of Carbon Dioxide by measuring the Volume of 
Gas evolved by the action of an Acid upon the Carbonate. — The 
description of this method will be found m paragraph 900. 

A Volumetric Method for estimating CO, in air is given in paragraphs 912 - 

914- 


A Method for the Estimation of C 2 0 4 in an Oxalatb. 

187. The Oxalate is mixed with Manganese Dioxide, and the mixture is heated 
with Sulphuric Acid. The weight of the C 0 2 evolved is either found by absorption 
by Soda-lime or by the loss of weight of the Apparatus. The weight of the CO a 
evolved is equal to that of the C 2 0 4 in the oxalate. 

The follow ing equation represents the reaction : 

H 2 C 2 0 4 + MnO, + H 2 S0 4 - 2CO, + 211,0 + MnS0 4 . 

It must be remembered that free oxalic requires to bo neutralised by AmHO 
before it can bo estimated by this process. 

The different forms of apparatus which aro used in the estimation of CO, 
(Figs 68 , 70, 72) may be used for this determination. 

Weigh out accurately about 0 6 gram of finely powdered pure ammonium 
oxalate, (NH 4 ) 2 C,0 4 H,0, and intimately mix it with about three times its weight 
of finely powdered manganese dioxide, which must bo free from carbonate. (See 
Note below ) 

Introduce this mixture into the decomposition-flask. Add to it dilute sulphurio 
acid, and conduct the operation exactly as has been described above ( 175 - 185 ), 
starting the decomposition by heating the flask. The weight of the CO, evolved 
gives the amount of C,0 4 in the oxalate taken, and from this the percentage of 
oxalate may be calculated. 

Note . — The manganese dioxide which is used in this estimation must be care- 
fully tested for traces of carbonate. If any carbonate is found, the oxide should 
be finely powdered and heated for about fifteen minutes with a little very dilute 
sulphuric acid. The oxide is then washed free from acid, and dried. 

A Volumetric Method for the estimation of an oxalate is given in paragraph 
325, and another Gravimetric Method is given in paragraph 148. 


Estimation of Water, present in the Free or Combined 

State. 

x 88 . Three methods are described below for estimating the water adhering 
to, or chemically combined with, a substance. 
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The first and second methods (189, 190) are applicable to substances which 
lose all their water, but undergo no further change in composition, when 
they are heated. The water may be estimated in such cases by the loss o f 
weight which the substance suffers when it is heated to a suitable temperature 

The third method (191) is geneially applicable to all substances. But it is 
necessarily resorted to for substances which, when they are heated, not only 
part with their water, but also undergo fuitlier chemical change which is 
attended with alteration in weight. 

Instances of such substances are furnished by ferrous hydrate and ferrous 
carbonate, which increase in weight by oxidation when they aro heated in the 
air 5 the latter undergoes change of weight also by loss of C0 2 , an effect 
usually produced by heating a carbonate. The water, which is evolved when 
such substances aro heated, must be absorbed by a weighed desiccating agent, 
and must be estimated by the increase of w eight w Inch the absoi bent undergoes 
by taking up the water. 

189. The Substance is dried by Heating it in a Steam-oven or 
other suitable apparatus (59, 61, 10 22), and the loss of weight is 
estimated. 

This Method is applicable to substances which lose their Moisture, 
without undergoing further chemical change, when they are heated 
moderately. 

Weigh out accurately about 1 T> grams of crystallised oxalic acid, 
H 2 C 2 0 4 .2H 2 0, between the weighed pair of watch-glasses with clip (Fig. 7, 
page 9). Then remove the upper glass and clip, and heat the lower glass 
containing the substance for about two hours in the steam-oven Replace 
the upper glass and the clip, and weigh the glasses with their contents, after 
they have cooled m the desiccator. 

Repeat the above processes of heating, cooling, and weighing, until two 
successive weighings give the same result. The water, which can be expelled 
at 100°, is then known to be completely removed, and its percentage amount 
may be calculated from the loss of weight which is suffered by the substance 
taken (1 13). 

190. The Substance is dried by Igniting it, and the loss of 
weight is estimated. 

This Method is applicable to substances which lose all their 
Water, without suffering further chemical change, when they are 
heated to a high temperature. 

This method is generally to be preferred to any other, if the nature of 
the substance to be dried permits of its adoption, since it can be carried 
out with greater ease and rapidity. 
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Weigh out accurately about 1 *5 grams of finely powdered pure recrystallised 
barium chloride, BaCl 2 .2H 2 0, into a platinum crucible of known weight. 
Heat the covered crucible gradually over a small Bunsen flame, slowly raising 
the temperature until the bottom of the crucible is at a dull red heat. Remove 
the lid and keep the crucible at this temperature for at least fifteen minutes ; 
then allow it to cool m the desiccator, and weigh it. 

Repeat the above processes, heating for five minutes only, until two con- 
secutive weighings give identical results. The water, which can be removed 
by ignition, is then known to have been expelled ; and its percentage amount 
may be calculated from the loss of weight which has been caused by heating 
the weighed substance (1 1 3), 

191. The Substance is Heated to a suitable temperature, and 
the Water-vapour is conveyed by a stream of gas into an Absorbent 
Substance and weighed. 

This Method is applicable to substances which lose their water 
when they are heated, but which also undergo further change of 
weight during the process owing to some other chemical change. 

General Description oj the Process . — The process will bo understood by 
reference to Fig. 73. The weighed substance is heated in a bulb-tube (a), 
which is connected at each end with a U-tube charged with a desiccating agent, 
preferably calcium chloride. The U-tube (c) is connected with a small 
washing-bottle containing strong sulphuixj acid. 

The air enteis through the tube ( b ), passes over the substance in the bulb- 
tube, and leaves the apparatus after passing through the U-tube (c) and the 
wash-bottle. The air may be drawn through the apparatus by attaching an 
aspirator ( 176 ) to the wash bottle connected with the tube (c), or air may 
be driven through the apparatus from a gas-holder which is connected with 
the tube (h). 

Detailed Description of the Apparatus . — A hard glass tube, of about 1 cm. 
bore and 15 cm. in length, has a bulb about 4 cm. in diameter blowm in its 
middle (Fig. 73, a). The sharp edges of the ends of this tube are rounded 
by being held for a short time m the blowpipe-flame. 

Two sound corks are softened by pressure and are fitted air-tight into 
the ends of the bulb-tube, and are then perforated to receive the side-tubes 
of two U -tubes. 

The U -tubes are filled nearly to the level of their side-tubes with granu- 
lar calcium chloride ; cotton- wool or glass-wool plugs are then pushed into 
each limb, and the open ends are finally closed with sound corks, which are 

* 
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cut of! level with the glass, and arc then brushed over with melted paraffin 
wax. A full description of the fitting of the U-tubes and of the prepaiation 
of the calcium chloride will be found in paragraphs 177 , 178 , and attention 
must bo paid to the Note (179) in filing tube (r), if C0 2 is evolved when the 
substance) is heated. 

When a high temperature is to be applied to the bulb by a flame, discs of 
metal or of asbestos millboard should be slipped upon the bulb-tube in the 
positions shown by tho dotted lines of the figure, m order to shield the corks 
and prevent them from being scorched. 

After tho separate parts have been fitted together, the wliolo apparatus 
must bo tested to ascertain if it is air-tight. For this pui pose a short piece of 
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Estimation of Water. 

rubber tube, carrying a screw -clamp, is pushed upon the free side-tube of 
tube (b), and by careful suction the sulphmic acid is laised several inches m 
tho tube of tho wash-bottle attached to (r). The rubber tube is then closed 
by tightening the sciew -clamp. If tho level of the acid does not fall m about 
ten minutes, tho apparatus may be considered to bo air-tight. 

The Process is carried out as follows * The U-tube (c) is detached and is 
accurately weighed. Tho perfectly clean and diy bulb-tube (a) is then 
weighed. 

About 2 grams of the finely powdered substance, BaCI 2 .2H 2 0, are placed 
near tho end of a littlo trough of stiff glazed paper, which will easily slip 
into tho bulb-tube. Tins paper is pushed into the tube until the powder is 
within the bulb, and by rotating tho bulb-tube or the trough on a horizontal 
axis the wliolo of tho powder is deposited m the bulb. The paper trough is 
then removed, and tlio bulb is weighed. Its gain in weight represents the 
weight of salt taken. 

The apparatus is then fitted together again, and may be once more tested 
to sec that it is air-tight. 

An aspnator ( 176 ) is then attached by rubber tubing to the wash-bottle 
connected wuth tho tube (c), the flow of water from the aspirator having 
been adjusted so as to draw a slow stream of air through the apparatus. 
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The air must pass through the acid in the wash-bottle at such a rate that 
the separate bubbles can bo easily counted. 

By this arrangement the air is dried by the calcium chloride in the tube (6) 
before it passes into the bulb-tube. It then passes through the bulb-tube, 
and carries the water- vapour, which is expelled from the substanco by heat, 
into the bulb ( d ) and the calcium chloride of tho weighed U-tube (c). The 
wash-bottle prevents tho weighed U-tubo from gaming weight by absorbing 
moisture, which might diffuse backwards from tho aspirator. This bottle also 
serves as a gauge to measure the rate at which tho air-current passes. 

When the water is to be expelled fiom the substance at a known tcmpciature, 
it is necessary to have the bulb-tubo (a) either suriounded with an air-bath made 
of asbestos cardboard, or bent in such a uay that tho bulb can bo immersed m a 
hot liquid Tho air-bath or liquid is heated to tho icquisito temperature, which 
is shown by a thermometer dipping into it Tubes specially shaped for immersion 
in tho liquid may be made or purchased. 

In the present example the bulb-tube may be gradually heated by a small 
Bunsen flame, as soon as tho air-current through tho apparatus has been 
adjusted. The flame should bo suriounded by a suitable screen (e.g. f Fig. 53, 
p. 53), in order to prevent tho absorption-tubes from being heated, and tho 
corks and U -tubes may be further shielded by means of asbestos discs, as has 
been alroady described. 

Tho temporaturo of tho bulb is slowly raisod until it roaches dull redness, 
and tho salt is heated m tho air-current until no small drops of water remain 
on the cool part of tho bulb- tube (a). Tho weighed U - tube (c) is then dotached 
and rewoighod, and from its gain in w eight the amount of water m tho weighed 
salt is ascertained ; tho water is then poured out of bulb (d). 

From this result tho percentage weight of water m crystallised barium 
chloride may bo calculated. 


Estimation of Cadmium in its Soluble Compounds. 

192. The Cadmium is precipitated as Sulphide, CdS, and is 
weighed as such. 

Weigh out accurately about 0'5 gram of pure recrystallised cadmium 
sulphate, 3CdS0 4 .8H 2 0. Dissolvo it in about 250 c c. of water, and add a 
few drops of dilute HC1. Pass hydrogen sulphide (1012) into this solution, 
until the liquid smells strongly of the gas. 

Filter off the CdS upon a weighed filter (86), and make certain that all 
the cadmium has been precipitated, by diluting a portion of the filtrate and 
passing H 2 S through it again. If no further precipitation occurs, wash the 
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precipitate first with dilute hydrogen sulphide solution mixed with a little 
HC1, and finally with pure water. Dry the filter containing the precipitate 
in the stoam-oven, and weigh it after referring to paragraph 193 . See also 
paragraph 194 . 

From the weight of CdS obtained, the percentage of cadmium may then bo 
calculated. 

193. This Precipitate frequently contains Free Sulphur— In accurate deter- 
ruinations the dried precipitate should therofoie be repeatedly washed with 
recently distilled carbon disulphide, as long as any residue is left when the last drops 
of the washings are evaporated upon a watch glass The precipitate is then again 
dned and weighed Any loss which it has undergone by being washed will he due 
to the removal of free sulphur. 

194. Conversion of the CdS into CdS0 4 — If the precipitate of CdS has been 
formed in an acid solution it may contain some basic salt, and this may lead to 
serious error if the amount of acid is large Under these cut uinstanees it is piefer- 
ablo to convcit the precipitated sulphide into CdS0 4 and to weigh tins salt For 
this purpose dissolve the preeipitato m hydrochloric acid diluted with its own 
volume of water, and evaporate the solution on the water-bath until it can be 
transferred to a porcelain crucible Add a slight excess of sulphuric acid, and 
heat cautiously over a small llame until no more fumes of sulplnmc acid are 
evolved. Then allow the residue to cool and weigh it 

An Electrolytic Method for estimating Cd is given in paragraph 221. 


Estimation of Antimony in its Solutions. 

The Antimony is precipitated as Sulphide, Sb 2 S 3 , and is weighed 
either as such (195), or, if it is small in amount, as the oxide, Sb 2 0 4 

(198). 

195. Precipitation as Sulphide, Sb 2 S 3 , and Estimation as such.— 
About 0*5 gram of anhydrous tartar emetic, K(Sb0)C 4 H 4 0 6 (IO9, Exp. 27), 
is accurately weighed. This is dissolved in about 200 c c. of distilled water, 
and a moderate quantity of tartaric acid solution, together with a few drops 
of dilute hydrochloric acid, are added. If an insufficient quantity of tartano 
acid is added, the antimony will bo procipitated on the addition of the HC1 
or on dilution. 

The clear liquid is transferred to a 500 c c. flask, which is fitted with a 
doubly perforated rubber cork. Through one of the holes in the cork a 
glass tube bent at right-angles passes, and reaches nearly to the bottom of 
the flask. Through the other hole a second tube is passed, one end of which 
terminates just below the cork, the other end being slightly contracted so as 
to hinder the diffusion of air into the flask. 
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A gentle stream of hydrogen sulpliido gas (1012) is passed through the 
longer tube into the liquid until it is satuiatod with the gas. The 
flask is then sot aside for some hours in a warm placo to onsuro complete 
precipitation. 

Carbon dioxide gas is next passed through the liquid until the excess of 
H 2 S is removed. During the passago of the C0 2 the liquid is gradually hoated 
to boiling to assist the removal of the H a S, and to render the precipitate 
more dense and therefore more easy to wash. 

The liquid and precipitate are poured upon a tared filter which has been 
dried at 100° (86), or aio filtered by means of a Gooch crucible (82). The 
filtration is hastened by moans of the filter-pump, and the precipitate is 
w r ashed rapidly with hot water to which a little hydrogen sulphide solution 
has boen added. Dining the washing, the precipitate is protected against 
oxidation by the air by covering the funnel with a round glass plate. 

In order to ascertain whether the precipitation of the antimony as sulphide 
is complete, H 2 S is passed into the filtrate and washings, and the liquid is 
then warmed and allowed to stand. If any further precipitate forms, it is 
added to the main portion already on the filtor. 

When the precipitation and washing aie complete, the precipitate is dried 
in the steam-oven until its weight becomos constant. This weight is noted 
down. 

The precipitate will still contain water and possibly froe sulphur, and will 
therefore require further treatment before it is finally weighed. A small 
quantity of the precipitate is heatoil with strong hydrochloric acid. If it 
dissolves to a cloar liquid, no free sulphur is presont and the directions given 
in paragraph 196 may be followed. If the acid solution is turbid, free sulphur 
is present and the precipitate must bo treated as is directed in paragraph 
197. 


196. In order to Remove the Water , the greater part of the dned precipitate 
is weighed in a tared porcelain boat. The boat is thon introduced into a 
piece of combustion-tube about 25 cm. in length, and a current of dry 
carbon dioxide gas (1012) is passed over it. The boat is meanwhile gently 
hoated with a Bunsen flame until the sulphide becomes black. The boat is 
then allowed to cool in the current of gas, and is finally weighed. 

From the weight of the anhydrous Sb 2 S 3 found in this part of the preci- 
pitate, the amount of the sulphide m the entire original precipitate is then 
calculated, and from this result the percentage of antimony present can be 
ascer tamed* 
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197. In order to Remove the Sulphur as well as the Water , the larger part of 
the prcoipitato is weighed and is treated as is dcscubcd above (196), but the 
boat is heated to a higher temperature, and the heating is continued until no 
more sulphur is volatilised and the weight is constant. Since long-continued 
heating will volatilise a little antimony sulphide, the treatment may be con- 
sideicd complete when successive weighings give a difference of one milligram 
only. 

From the residue of pure anhydrous Sb 2 S 3 , the weight present in the whole 
original precipitate may be calculated, and from this the percentage of anti- 
mony in the original substance is found. 

198 . Precipitation as Sulphide, Sb 2 S 3 , followed by conversion 
into Oxide, Sb 2 0 4 , and Estimation as such.— The antimony compound is 
precipitated in the foini of sulphide, according to the directions which have 
been already given (195). The sulphide is filtered off by a filter-paper which 
has been previously dned in the steam-oven and weighed (86). After the 
precipitate has been thoroughly washed, it is dried on the tared filter and 
weighed. Tho weight of the whole precipitate is thus obtained. 

The precipitate is then transferred as completely as possible to a large 
weighed poicclain crucible, and the weight thus transferred is ascertained by 
again weighing the crucible. The precipitate is then moistened with se/cial 
drops of strong nitric acid of r4:2 specific gravity ; tho crucible is covered with 
a w'atch-glass, and a quantity of fuming mtnc acid of 1*5 specific gravity, 
sufficient to cover the precipitate, is quickly added from a pipette. For this 
purpose the cover is mcioly slipped aside to admit the point, of the pipette, 
sinco violent oxidation and frothing at once sets in. 

The covered crucible is heated on the water-bath, as long as any further 
chemical action occms. The cover is then removed, and the acid is evapo- 
rated by heating the ciuciblo on tho water-bath. The cover is then replaced, 
and the crucible is finally heated over the Bunsen flame until its weight is 
constant. 

Care must bo taken that the flamo does not enter tho crucible, else 
volatile Sb 2 0 3 will bo formed and loss will occur. This may be avoided 
by placing the crucible m a circular opening cut in a disc of asbestos mill- 
board. The disc is then inclined and the bottom of the crucible is exposed 
gradually to a bright red heat (98). 

From the weight of Sb 2 0 4 thus found, the weight of Sb 2 0 4 corresponding 
to the whole of tho sulphide precipitate is calculated, and from this the per- 
centage of antimony is obtained. 

If tho antimony bulphido contains much free sulphur, this must be removed 
fiom the dried precipitate by means of carbon disulphide (193) before the treat* 
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mcnt with nitric acid is earned out, else the action of the acid will bo so \ lolcnt 
as to give rise to loss of substance. 

It sometimes happens that the amount of antimony sulphide on the filter 
is too small to be tiansfcrrcd to the crucible. If this is the ease, the dncd iiltcr 
and precipitate are treated together in the crucible with about ten times their 
weight of the strong acid The procedure is the same as that alieady desenbed. 

A Volumetric Method for estimating antimony is givon in paragiaph 336 . 


Estimation of Arsenic in Solutions containing this 
Element in the Arsenious Condition. 

Two methods of estimation aio dcscubcd below. 

According to the first method ( 199 ), the arsenic is pi ecipitated as As,S 3 
and is weighed as such. 

According to the second method (200), the arsemo is precipitated as 
Mg(NH 4 )A& 0 4 6 H a O , this is conveited into Mg 2 As a 0 7 by ignition, and the 
arsenic is weighed in this form. 

199. The Arsenic is precipitated as Arsenious Sulphide, As 2 S 3l 
and is weighed as such. 

Weigh out accuiately about 0 5 gram of pure resubhmed aisemous oxide 
(IIO, Exp. 29). Place the substance in a 500 c c flask, and add about 50 e c. 
of dilute hydrochloric acid. Heat the flask on a water-bath until all (lie solid 
is dissolved, care being taken that the temperature of the solution does not 
reach 100 ° C., else some of the arsenic will be volatilised as cliloiide. 

If any As^0 5 is present, a few diops of sulphuious acid solution aie added m 
order to conveit the As^O, into As,0 3 , and the flask is heated on the watei-bath 
until all smell of So 8 has disappeared. 

The liquid is then considerably diluted, and the arsenic is precipitated as 
As 2 S 3 by passing hydrogen sulphide gas through the solution m the same 
manner as was described for antimony ( 195 ). 

Carbon dioxide gas is then passed through the solution ( 195 ), until the 
smell of H 2 S has almost disappeared. This tedious operation may be omitted, 
if great care is taken that the precipitate is kept covered and is exposed as 
little as possiblo to the air during filtration. 

The liquid is poured through a tared double filter which has been dried at 
100° C., or through a Gooch crucible filter ( 82 ), and the precipitate is washed 
with hot water containing a little H 2 S until it is free from hydrochloric acid. 

The filtrate and washings are tested by saturating the liquid with H g S ga» 
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and allowing it to stand, in order to make sure that all the As has been 
precipitated. 

The precipitate is then dried at 100° C. in the steam-oven until the weight 
becomes constant. 

Since the precipitate may still contain a little free sulphur, it should be 
treated with carbon disulphide (193). After this treatment the precipitate 
is again dried at 100°, and is finally weighed. 

From the weight of As a S 3 thus obtained, the percentage of arsenic is 
calculated. 

200. The Arsenic in the Arsenious compound is converted into 
Arsenic acid ; this is precipitated as Magnesium Ammonium 
Arsenate, Mg(NH 4 )As0 4 .6H 2 0 (169), which is then converted by 
ignition into Magnesium Pyrarsenate, Mg 2 As 2 0 7 , and is weighed as 
such. 

Add strong HCI to the arsenious solution, heat gently, and drop in from 
time to time a crystal of potassium chlorate until the liquid smells strongly of 
chlorine. Allow the liquid to stand in a warm place until the smell of chlorine 
has nearly disappeared. The arsenic will now bo present as arsenic acid. 

Make the solution faintly alkaline by the addition of ammonium hydrate, 
then precipitate by the addition of magnesia-mixture, igmte the precipitate 
in oxygen, and finally weigh the arsenic as magnesium pyrarsenate (169). 

From the weight of Mg 2 As 2 0 7 thus obtained the percentage of As which 
was originally present may be calculated. 

Volumetric Methods for estimating arsenic are given in paragraphs 337 and 398. 


Estimation of Tin in a Stannous or Stannic Compound, 
and of Metallic Tin. 

201. The Tin is precipitated from solution as Sulphide ; this is 
converted by ignition in the air into the Dioxide, SnO* and is 
weighed as such. 

Weigh out accurately about 0*5 gram of pure crystallised stannous chloride, 
SnCl 2 2H 2 0, which has been kept in a well-stoppered bottle. Place the salt 
in a 500 c.c. beaker, dissolve it in a small quantity of dilute hydrochloric aoid t 
and make up the solution with distilled water to about 200 c.c. 

Through this solution pass HiS gas to saturation. Cover the beaker 




202, 203.] 


ARSENIC, TIN, MERCURY. 


121 


loosely with a filter-paper, and allow it to stand in a warm place until the 
smell of hydrogon sulphide has almost disappeaied. Transfer the precipitate 
to a double filter, wash it until it is free from dissolved salts, and then dry 
and ignite it. 

Since tin alloys with platinum, a porcelain crucible should be used, and 
one of the methods described in paragraphs I0I-I05 should be chosen for the 
ignition of the precipitate and the incineration of the filtei. 

Incinerate the filter- paper apart from the precipitate. Moisten the filter- 
ash with two drops of strong nitric acid, heat gently until the excess of acid 
has been expelled, and then raise the temperature to a red heat. Allow the 
crucible to cool ; then add the precipitate, cover tho crucible with the lid, 
and heat it gently for some time. Then remove the lid, and heat gently until 
the smell of escaping sulphur dioxide is no longer perceptible, and finish by 
heating to bright redness (98). 

In order to ensuie the complete removal of the sulphur, allow the crucible 
to cool, add a little powdered ammonium carbonate, and heat again strongly. 
Repeat these operations until the weight remains constant. 

From the weight of Sn0 2 thus obtained, the percentage of tin in the 
original substance is calculated. 

Volumetric Methods for estimating stannous chloride are given in paragraphs 
338 and 504. 

202. Metallic Tin is converted directly into Dioxide, Sn0 2 , by 
heating the Metal with Nitric Acid and igniting the product. 

The tin is oxidised by heating it with moderately strong nitric acid. 
Hydrochloric acid must not be present, else some tin chloride will be formed 
and volatilised. As soon as all action has ceased, the solution is evaporated 
nearly to dryness on the water-bath. The residue is then diluted with water, 
and the white SnO a is filtered off, washed and dried. 

If a filter-paper is used, it is burnt separately and the ash is treated with 
strong nitric acid as is directed above (201). The Sn0 2 is then added to the 
filter-ash in the crucible, and the whole is finally ignited over the blowpipe 
until the weight is constant. 


Estimation of Mercury in its Compounds. 

203. Three methods of estimation are given. 

By the first (204) the mercury may be separated from any solid substance 
which is rich in mercury, and weighed as metal. A modification of this 
method desenbed in paragraph 4QI» in which the mercury is separated 
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from its ordinary sulphide ore by being heated \uth non filings ; the mercury 
is then allowed to amalgamate a sheet of silver and is weighed with the silver. 

The second method (205) proceeds by precipitating the mercury as sul- 
phide, and weighing the sulphide. It serves for estimating meicury in the 
solution of a mercury compound, and for the separation of mercury from 
metals which are not precipitated from solution by hydrogen sulphide. It 
gives excellent results. 

In the third method (206) the mercury is precipitated from solution of 
mercurous salt as Hg 2 Cl 2 , and is weighed as such. This method is specially 
suitable when nitric acid is present. 

204. The Mercury Compound is decomposed by heating it with 
Calcium Oxide, the escaping Mercury vapour is condensed, and the 
metallic Mercury is weighed. 

Note . — This process is not applicable to mercuric iodide, which must be decom- 
posed by heating it with metallic copper instead of with lime. If the mercury is 
piesent as sulphide, a little metallic iron may bo mixed with the lime and will 
greatly assist the 1 eduction. 

The process of estimation is conducted in the apparatus which is repre- 
sented in Fig. 74. 

Fio 74. 



A piece of combustion- tube, about 1 cm. in internal diameter and about 
46 cm. in length, is closed by diaving it oil at one end (a) m the blowpipe- 
flame. 

Powdered magnesite is mtrocu^cd into the clean, dry tube in quantity 
sufficient to form a layer 2 inches in length ( a-b ). 

About 1 gram of pure mercuric chloride is then accurately weighed, and 
is mixed intimately with powdered quicklime m a porcelain mortar. This 
mixture is introduced into the tube (6-c), and the mortar is rinsed out with a 
little more quicklime, which is also transferred to the tube (c-d). The tube 
is then filled m with powdered quicklime to within 5 cm. of its open end, the 
powder being kept in its place by pushing in a loose plug of asbestos (e). 

The open end of the tube is now drawn out m the blowpipe-flame, the 
narrow tube is bent obliquely, and its end is cut off as is shown in the figure. 
A passage along the whole length of the tube is formed by holding the tube 
honzentally, and tapping it gently upon the bench. The tube is then laid 



MERCURY, AS METAL AND AS SULPHIDE. 


123 


in a combustion-furnace (783) upon an iron trough covered with asbestos, 
and the end of the bent tube is made to dip just beneath the surface of water 
contained m a small weighed beaker. 

The front portion of the tube ( e-d ) is now gradually heated to redness. 
The heat is then slowly extended to that part of the tube which contains the 
mercury compound, and this is heated until the whole of the tube from (f) 
to (&) is at a bright red heat. In this way the mercury is set free m the form 
of vapour, which is condensed to the liquid form as it passes into the water 
in the beaker. 

The magnesite in (a-6) is finally heated to redness so as to produce a stieam 
of carbon dioxide gas, which sweeps out the last traces of mercuiy vapour 
from the tube into the water. 

While the tubo is still red-hot, the narrow delivery-tube is cut off at the 
bend by means of a cold file, and the morcury, which has condensed in this 
portion of the tubo, is washed out and added to tho mam portion 111 the beaker. 

Tlio globules of metal are now united into one mass by gently agitating 
tho contents of the beaker. The water is then poured off as far as possible, 
and tho rest is removed by absorbing it with filter-paper. 

The mercury is finally rendered perfectly dry by exposure over strong 
sulphuric acid in a desiccator (62, 63) until its weight is constant. 

Tho percentage of mercury present in tho original substance may be 
calculated from the weight of mercury found. 

205. The Mercury is precipitated as Sulphide, HgS, and is 
weighed as such. 

Weigh out accurately about 0 5 gram of pure mercuiic chlonde into a 
250 c.c. beaker. Dissolve it in about 100 c.c. of water, add a few dops of dilute 
hydrochloric acid, and pass hydrogen sulphide into the liquid until it is 
saturated. The colour of the mercury sulphide precipitate will become 
perfectly black as soon as the liquid is saturated with the gas. 

Allow the liquid to stand for a short time, until the precipitate has sub- 
sided, then filter through a tared filter (86) or a Gooch crucible (82). Wash 
the precipitate quickly with cold water, and weigh it after it has been dried 
at 100° C. 

The precipitate may contain free sulphur. It should therefore be washed 
with recently distilled carbon disulphide (193) until the last drops of the 
washings leave no residue when they are evaporated. The precipitate is then 
dried at 110° C. and is weighed. 

From the weight of HgS obtained, the percentage of Hg m the original 
substance may be calculated. 
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206. The Mercury is precipitated as Hg 2 Cl 2 , and weighed as such. 

If the mercury is present in solution entirely as mercurous salt, it may be 
at once precipitated by the addition of dilute sodium chloride solution. 

But if a mercuric salt is present, this must be reduced to the mercurous 
condition as is directed below, before precipitating the mercury. 

This process of estimation is suitable even if nitric acid is present. 

For practice in the estimation, weigh out accurately about 0*5 gram of 
mercuric chloride, dissolve it in 200 c.c. of water, and add a little dilute 
hydrochloric acid and an excess of phosphorous acid {Note), Allow the 
liquid to stand for twelve hours, then filter through a tared filter or a Gooch 
crucible, and dry the precipitate at 100° and weigh it. 

Note . — The solution of phosphorous acid may be prepared by allowing phos- 
phorus to deliquesce m moist air ; or it may be obtained by adding phosphorous 
triehloiidc to water, evaporating the solution to dryness to expel the hydrochlono 
acid and dissolving the iesiduo m water. 


Estimation of N0 3 in a Nitrate. 

20J. The estimation may be made by one of three methods. The first of 
these is described here : the other two processes, w Inch are desenbed later 
on, involvo the application of volumetric methods to liquids and gases. 

The first method (208) consists m heating the solid mtrate with excess of 
silica, and ascertaining the loss of weight which results from the removal of 
the elements of N a 0 6 . This method is less accurate than tho second and 
third methods. 

The second method (893) consists in measuiing the volume of NO, which 
is evolved when the solution of nitrate is shaken with mercury and strong 
H a S0 4 . 

In the third method the nitrate is acted upon by nascent hydrogen, and 
the NH S thus produced is estimated (623). 

208. The Solid Nitrate is heated with excess of Silica ; the loss 
of weight gives the amount of the elements of N 2 0 5 which the 
nitrate has lost. 

From certain nitrates such as Pb(N0 3 ) 2 , the elements of nitric anhydride 
may be expelled by simple ignition, an oxide of the metal remaining. In the case 
of most nitrates, however, such as those of the alkali- metals and of the alkaline- 
earth metals, it is necessary to heat the nitrate with silica, else the residue which 
is left after ignition is not of fixed composition. 
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Fuse a few grams of pure potassium nitrate in a porcelain crucible at as 
low a temperature as possible, and pour out the fused salt into a warm porce- 
lain dish. Powder the solid mass while it is still wann, and place the powder 
in a stoppered weighing-bottle. 

For practice in the process, introduce into a weighed platinum crucible 
about 2 giams of finely powdered quartz or silica. Ignite this, allow it to 
cool, and weigh it. Add about 0*5 gram of the above powdered potassium 
nitrate, and w r eigli the crucible again in older to ascertain the exact weight 
of the mtrate added. Then mix the powders intimately and without loss by 
means of a glass rod rounded at tho end. 

Expose the ciucible, covered with tho lid, to a dull red heat for thirty 
minutes ; then allow it to cool, and weigh it. Heat it again for ten minutes, 
and once more weigh it. Repeat these operations until the weight becomes 
constant. 

The loss of weight by ignition will be due to the total expulsion from the 
nitrate of the elements of N 2 0 8 . From this loss the percentage of NO g in the 
nitrate may be calculated. 


Estimation of Silica in a Silicate. 

209 The Silica is separated and converted into the Insoluble 
Form, by adding excess of acid to the Silicate and evaporating to 
dryness : the Silica is then rendered completely anhydrous by heat, 
and is weighed as Si0 2 . 

The method of procedure will depend upon whether the silicate can be 
decomposed by acid or not (210, 21 1). 

210. If the Silicate is Soluble in Water, or can be Decomposed by 
strong Hydrochloric or Nitric acid, it is treated as is described below. 

For practice in the estimation, weigh out accurately about 0*5 gram of 
finely powdered “ soluble glass,” or sodium silicate, into a platinum or porce- 
tam dish. Moisten tho powder with water. Place the dish, covered with a 
clock-glass, upon the water-bath ; then gradually add strong HC1, through 
a small opening left by drawing aside the clock-glass, and constantly stir the 
contents of the dish. 

As soon as the powder is completely decomposed, which is known to be 
the case when no gritty particles can be felt with the glass rod, remove the 
cover and evaporate the liquid to dryness. Continually stir the residue, 
breaking up the lumps by means of the glass rod. When the powder appears 
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to be perfectly dry, and no moisture is deposited on a cold clock-glass placed 
upon the dish for a few seconds, the dish is heated in the air-oven to 150° C. 
for about half an hour. The silica will now be present in the anhydrous and 
insoluble condition. 

As soon as the dish is cold, moisten the powder with strong hydrochloric 
acid, and warm the dish upon the water-bath. Then add hot water, stir well, 
allow the solid to subside, and decant the liquid through a filter. Repeat 
these processes of treatment of the residue three times. Then transfer the 
silica to the filter, wash it thoroughly with hot water, and dry it in the 
steam -oven. 

Note 1. — Even if the abovo precautions have been observed, a trace of silica 
will pass into solution when the residue is treated with ITCl. This probably arises 
from the difficulty of msuiing that the silica is wholly anhydrous, and from the 
fact that silica is appicciably dissolved by prolonged treatment w ith ac id In very 
exact analyses the and solution, after being separated fiom the silica residue, should 
bo evaporated and the residue of silica should be added to that already obtained. 

Now transfer tho powder to the crucible as completely as possible, incine- 
rate the filter in a platinum- wire coil, and add tho ash to the piccipitate (IOI)* 
Gently heat the covered crucible, taking caio that none of tho light, fine 
silica-powder is lost by being carried off with tho escaping moisture. 

Gradually increase tho temperature until the ciucible reaches a bright 
red heat, and keep it at this temperature for fifteen minutes. Then weigh the 
crucible, and repeat the abovo ignition until tho crucible ceases to lose in 
weight by being heated. 

Note 2 — Tho silica which has been separated by the above treatment is almost 
invanably impure, and should bo tiouted in tho follouung way after it lias been 
weighed ; 

Tho ignited silica is heated in a platinum vessel on tho water- bath with pure 
solution of hydrofluoric acid and a fow drops of strong H 2 S0 4 : tho whole is then 
evaporated to dryness, and tho residue is ignited and weighed This process is 
repeated until no further loss of weight occurs. Tho total loss of weight by the 
treatment with hydrofiuoiio acid represents the weight of the silica. 

Since the acids may themselves contain non-volatile constituents it is well to 
evaporate measured portions of them alone • any residue which is left is weighed 
and a proportionate amount is deducted fiom tho weight of residuo found above 

From tho weight of silica thus found, the percentage of silica may then 
be calculated. 

21 1 . If the Silicate is Insoluble in Acids and is not Completely 
Decomposed by Acid (460), it is finely powdered and mixed with six 
times its weight of fusion mixture (Na 2 C0 3 + K 2 C0 3 ) ; it is then kept in a 
fused condition in a covered platinum crucible for about fifteen minutes 
U 34 )- The solid is now detached from the crucible by boiling it with about 
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ten times its weight of water for half an hour in a covered evaporating- 
dish. A little strong HC 1 is added, and when nothing hut gelatinous silica 
remains in the liquid, the contents of the dtsli are evaporated to dryness and 
the residue is treated as is described in paragraph 210. 


Estimation of Fluorine in a Fluoridb. 

2X2. The Fluoride is precipitated as Calcium Fluoride, CaF* and is weighed 
as such. 

Thiee methods of procedure are described : the first (213) servos for a neutral 
fluonde, the second (214) for a fluoride with acid reaction, and the third (21 5) for 
an insoluble fluoride. 

213. Neutral Fluorides — To the solution of the fluoride, contained in a plati- 
num or porcelain dish, add ail oxcess of calcium chloride solution and heat the 
mixture to boiling. Allow the precipitate of calcium fluoride (CaF^) to subside, 
and wash it twice by decantation. Then transfer the precipitate to the filter, 
wash it free from dissolved salts by means of hot water, and diy it in the steam- 
oven 

The precipitate and filter are ignited together (99) at a red heat, and are weighed. 
From tho weight of calcium lluondo (CaF^) thus obtained, the percentage of 
fluorine can be calculated. 

214 Fluorides with Acid Reaction — The solution of tho fluoride, contained 
in a platinum or poioelam dish, is mixed with sodium carbonate solution in excess. 
The mixtuio is heated to boiling, and is filtered if necessary. Calcium chloride 
solution is then added m excess. When the precipitate, which consists of a mixture 
of calcium fluonde and calcium carl o 1 ate, has subsided, it is washed first by 
decantation and finally on tho filter. The precipitate is then dried, and is ignited 
in a platinum ciuciblo. 

The igni&xi precipitate is now transferred to an ovapora ting-dish, and is treated 
first with water and then with acetic acid m excess Tho mixture is evaporated 
to dryness on tho water-bath, and is ignited until it no longer smells of acetic acid. 
The residue, which consists of a mixture of calcium fluoride and calcium acetate, 
is washed with hot water until it is free from caMum acetate. It is then filtered, 
dned, ignited and weighed, as is described in paragraph 213. 

215. Insoluble Fluorides. — The finely powdered fluoride is heated in a plati- 
num crucible with about four times its weight of fusion mixture (NajCOg + K y C 0 3 ), 
alkaline carbonates being kept in a fused state until the fluoride is entirely 
decomposed (134). The cool mass is then dissolved by heating the crucible with 
water. The solution is filtered, if necessary, and is piecipitated by the addition 
of calcium chloride solution m excess. Tho calcium fluoride in the preoipitate 
is then estimated as is described in paragraph 2x4. 
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Indirect Estimation of B^0 3 in Crystallised Borax. 

21 6 . The Borate is Evaporated to dryness with Hydrochloric Acid ; the Borie 
Acid-radicle is thus expelled and is replaced by the chemically equivalent amount 
of Chlorine, which is estimated in the residue. 

Weigh accurately about 1 gram of pure lecrystallised borax (Na 3 B 4 0 7 lOH^O) 
into a porcelain dish. Add an excess of hydrochloric acid, and evaporate tho solu- 
tion to dryness on the water-bath. As soon as the liquid has been duven off, add 
a little more hydrochloric acid, and once more evaporate to dryness Then heat 
the residue upon a sand-bath until no more acid fumes are given off. 

Now estimate the chlorine in the solution of the residue (149, 373), and from 
the result thus obtained calculate the amount of B assuming that 35 45 of Cl 
is equivalent to 70 02 of Bfi y 


Indirect Estimation of B/) 3 in Boric Acid. 

217. The solution of Boric Acid is mixed with a weighed quantity of pure 
anhydrous Sodium Carbonate in excess ; the liquid is evaporated to dryness, and 
the Carbon Dioxide in the residual Carbonate is determined 

Weigh out accurately about 1 gram of pure crystallised borio acid, H 3 BO |f 
into a 300 c c flask, and dissolve it in about 60 c c. of water. Add about 3 grams 
of pure anhydrous 6odium carbonate, and evaporate tho solution to dryness in a 
small weighed porcelain dish Heat the contents of the dish just to fusion, and 
maintain this tempeiatuie until effervescence ceases , then allow the dish to cool 
and weigh it. 

The residue in the dish contains a known amount of sodium oxide and an un- 
known amount of CO, and B O r Detemune the C0 3 (175), and find the weight 
of the B rf O a by difference The percentage of B 0 3 may then be calculated. 

A method for determining small quantities of boric acid and borate is given 
under Milk Analysis (675). 
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ELECTROLYTIC ESTIMATIONS OF METALS. 

Methods have been devised for estimating many metals by electrolytic 
processes. Some of the more satisfactory processes of estimation are described 
below ; they include methods for copper, nickel, oobalt and cadmium. 

Electrolytic Determination of Copper. 

2l8* Copper may be precipitated accurately and conveniently in the 
metallic state by means of the electric current. The deposition is best effected 
from a nitric acid solution in which the amount of the free acid present must 
not exceed 10 per cent. Sulphate may be present m the solution, but not 
chloride. 

For practice in the estimation, weigh out accurately about 1 gram of 
pure recrystallised CuS0 4 .5H 2 0. Dissolve the salt in about 100 o.o. of water, 
and add 10 c.c. of nitric acid of 1*2 specific gravity. 

Electrolysis of the Solution . — Now transfer the clear liquid to a weighed 
platinum dish of about 200 c.c. capacity, which is placed upon the bright metal 
nng of a retort stand. Twist a stout platinum wire into a flat spiral, leaving 
about 15 cm. in the centre projecting at right angles 
to the plane of the spiral (Fig. 75). Attach the spiral Fro. 75. 

to a glass rod, which is clamped upon the retort stand 
then immerse it in the solution, taking care that there 
is no metallic contact between the platinum wuo and 
the dish. The spiral should be about 0 3cm. from the 
bottom of the dish. 

Instead of the spiral, a disc of thick platinum foil, 
riveted to a long stout platinum wire, may be used. 

Now connect the dish with the negative terminal 
of a storage battery, or of two or three Daniell’s cells. Electrolytic Estima- 
This is readily done, since the dish is in metallic con- tion of Copper. 
nection with the retort stand ; it is therefore simply 
necessary to attach the battery wire to the ring or to the stand, taking care 
that the surfaces in contact are bright and metallic. The platinum wire from 
the spiral or disc is then connected with the positive terminal of the battery. 

A current of 0 2 to 0*5 ampere and an electromotive force of from 2 to 2*5 
volts will be suitable. 

During the deposition of the metal, the dish must be covered by a per- 
foiated clock-glass, or by an inverted funnel. This prevents the loss of ary 
liquid by the spirting which is caused by the evolution of gas from the surface 
of the spiral 
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The under surface of the cover should be rinsed into the dish during the 
latter part of the process. 

In about twelve liouis or less the copper will be completely precipitated, 
and will adhere to the inside of the platinum dish. The process requires no 
supervision after it has been started, and may therefore be allowed to proceed 
during the night. 

Weighing the Copper . — As soon as a few drops of the liquid from the dish 
give no coloration with H 2 S solution, the dish is quickly rinsed out first with 
watei, then with alcohol, and finally with a little ether. It is then dried in 
the steam-oven for a short time and weighed. From the increase of weight 
of the dish, the percentage of copper is calculated. 

Note — The copper may afterwards be removed from the dish by dissolving it 
in nitric acid. 


Electrolytic Estimation of Nickel and Cobalt. 

219 . Nickel should be precipitated from an ammomaca! solution by means 
of the electric current : the sulphate or chloride may be used but not the 
nitrate. The solution should contain ammonium sulphate and free ammonia 
and for every 0*2 to 0*3 gram of nickel present, about twenty times its 
weight of ammonium sulphate and 30 to 40 c.c. of strong ammonia solution 
should bo added. The solution is then made up to about 150 c.c., and is 
electrolysed by a current of 1 to 1*5 amperes and an electromotive force of 
about 3 volts. 

For practice in the estimation, weigh out accurately about one gram of 
nickel ammonium sulphate, Ni(NH 4 ) 2 (S0 4 ) 2 .6H 2 0, and dissolve tho salt in 
water * add 3 grams of Am 2 S0 4 and 20 c.c. of strong ammonium hydrate 
solution. Make up tho solution to about 100 c.c. and tiansfer it to a platinum 
dish. Then connect the solution and tho dish respectively with the terminals 
of a storage battery, and allow tho current mentioned above to pass through 
tho solution for several hours. 

A dark brown deposit first forms : this disappears, and afterwards an 
adherent motallio deposit of nickel is formed. If the deposit is not bright 
and adherent the rate of deposition must be reduced by diminishing the 
strength of the current. 

As soon as a drop of the liquid no longer gives a brown coloration with 
ammonium sulphide solution, the nickel is known to be completely deposited 
from the solution and the operation is complete. 

When this is the case, the dish is disconnected, and the nickel deposit is 
washed first with warm water, then with alcohol, and finally with ether : it 
is then dried in the steam-oven for a short time and weighed. 
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220 . Electrolytic Determination of Cobalt. — The electrolytic deposition of 
cobalt is carried out under exactly the same conditions as that of nickel (2x9), 
and the estimation yields an accurate result. 

For practice in the estimation, one gram of pure, freshly recrystalliaed cobalt 
sulphate, CoS0 4 711,0, may be used. 


Electrolytic Determination of Cadmium. 

221. The solution oontaining the cadmium as sulphate is made just alka- 
line by addition of pure sodium hydroxide solution. Pure potassium cyanide 
solution is then gradually added with constant stirring, until the cadmium 
hydroxide, which was previously precipitated by the sodium hydroxide, has 
been just redissolved. 

The volume of the liquid is then made up to 100 c.c. with water, and is 
electrolysed in a platinum dish at first for six hours with a current of 0*5 
ampere and an electromotive force of 5 volts, then finally for another hour 
with an increased current of 1 ampere (Note). 

The solution is now tested for cadmium by taking off a little by a pipette, 
heating it with dilute HC1 until HCN is expelled, and passing H a S, If no 
yellow coloration or precipitate is produced, tho deposition of the metal is 
complete : but if cadmium is found in the test portion, the liquid must be 
electrolysed for an hour longer and tested again. 

When all the cadmium is deposited, wash the metal with water, and then 
with alcohol and with ether, dry it for a short time in the steam-oven and 
weigh. 

Note , — If the stronger current were used from the start the cadmium 
would be deposited in the spongy state at first, and not as a silvery white film. 
But the process may be shortened by increasing the ourrent later on, without 
altering the character of the deposit. 




PART III. 

VOLTJMETBIC ANALYSIS. 


24O. Introductory Remarks. — In the processes of volumetric analysis, 
volume is determined instead of weight. Volumetric methods are usually 
applicable only to fluids. The mobility of a fluid enables it to adapt itself 
to a measuring-vessel, whilst the rigidity of a solid renders this adaptation 
impossible. Hence the weight of a solid is usually more easily determined 
than its volume. 

Since both liquids and gases may be dealt with volumetncally, volumotrio 
analysis is divided into two branches, the one treating of liquids and the 
other of gases. The expression “ volumetnc analysis ” is, however, generally 
applied to liquids only ; the term “ gas analysis ” being usually applied to 
the estimation of gases. 

Advantages of Volumetric Methods. — The ordinary chemical reactions, upon 
which analysis depends, occur only when one at least of the reacting substances 
is in the liquid condition. Since liquids have, therefore, to be dealt with 
during the analysis, a great saving of time may usually be effected, by carrying 
on the processes in such a way that measurement of volume may, as far as 
possible, take the place of weighing. 

This economy of time is effected by dissolving a known weight of a sub- 
stance in a known volume of water. If a known fraction of this solution is 
then measured off, it will contain a corresponding fraction of the weight of 
the dissolved solid ; accordingly the weight of solid present in this portion 
of the liquid is known without any further weighing. An additional advant- 
age gained by this method of procedure is, that minute quantities of substance 
can be dealt with whioh could not possibly be weighed. Hence it will be 
seen that volumetric methods will in certain cases surpass gravimetric methods 
in accuracy and in delicacy. 

Illustration of a Volumetric Determination. — The estimation of chlorine, 
present as chloride in neutral solution, will serve as an illustration of volu- 
metric methods. The chloride is precipitated as silver chloride by the addi- 
tion of silver nitrate solution, thus : NaCl + AgN0 3 = AgCl + NaNO r 
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The completion of this change is made evident by causing it to take place 
in the presence of potassium chromate solution. As soon as the silver nitrate 
is added in oxccss, it produces a permanent dark red precipitate of silver 
chromate, so that the appearance of a slight red coloration throughout the 
liquid indicates the completion of the reaction. 

In a special estimation of chlorine present as chlondo, the solution of 
silver nitrato which was added contained one-tenth of the molecular weight 
of silver nitrate, or 1G 994 grams per litre. Hence, according to the above 
equation, each cubic centimetre of the silver nitrate solution would pre- 
cipitate 0*003545 gram of chlorine from the chloride. Of this silver nitrate 
solution 22 5 c.c. were required to exactly precipitate 2 grams of the substance 
dissolved m water. Therefore the weight of chlorine in the substance = 
22*5 x 0*003545 = 0 07976 gram, and the percentage weight of chlorine in 

tho substance = — L - ? — l lll * = 3 99. 

2 

Standard Solutions . — It will bo seen from the preceding example that the 
solutions employed in volumetric analysis are required to be of known strength. 
Such solutions are commonly termed “ Standard Solutions .” 

Indicators. — It will also be noticed that some visible indication of the 
termination of tho reaction is necessary. 

In certain cases this is furnished by a marked change in colour, as when 
potassium permanganate solution is added to warm acidified solution of 
oxalic acid * the colour of the permanganate is destroyed in this reaction, 
and a permanent pink tint in the liquid therefore indicates the presence of 
permanganate in excess, and proves that the reaction is completed. 

In tho majonty of estimations, however, it is necessary to employ a third 
substance, which, by producing a change of colour, serves as an “ Indicator ” 
of the completion of the reaction. An illustration of this is furnished by the 
use of potassium chromate in the example already given. 

Reciprocity of the Process. — The above process may evidently also bo utilised 
for the estimation of silver. For silver, when present in solution, may be 
estimated by adding its solution to standard sodium chloride solution in the 
presence of potassium chromate. This reciprocity is generally true of a volu- 
metric process. 

In the following Description those processes of volumetric analysis are 
generally grouped together in which the same liquid reagent or “ Standard 
Solution” is employed. The most important and typical processes in each 
group arc printed in ordinary type. Processes which are similar in principle 
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to these, or ore of less importance, are printed in smaller type. For 
additional methods of estimation, the student may consult Sutton's Volu - 
metric Analysis , Fresenius ’ Quantitative Analysis, and Treadwell's Quantitative 
Analysis . 

As a rule, each estimation which is made for practice in the method 
must be performed in duplicate, so as to check the accuracy of the result, 
since the substances which are used are not generally of known and definite 
composition. 




1?ART ITT.— SECTION V. 


MEASUREMENT OF LIQUIDS. CALIBRATION AND 
USE OF GRADUATED VESSELS. INDICATORS. 
STANDARD SOLUTIONS. 


The Measurement of a Liquid 

241. The Measurement of a Liquid may be undertaken for two different 
purposes. 

(1) It may be required to ascertain the volume of tho liquid. This is 
effected by pouring the liquid into a suitably graduated measuring-vessel. 
The liquid is said to be “ measured,” after its volume has been noted. 

(2) It may be required to obtain a known volume of the liquid. Tho 
liquid is then delivered from a suitably graduated measuring-vessel m pre- 
cisely the requisite quantity. This is termed “ delivering ” tho requisite 
volume of liquid. 

242. The Graduated Glass Vessels which are used for measuring liquids 
are therefore adapted either to “ measure ” or to “ deliver ” definite volumes 
of liquid. 

Vessels of both classes are frequently marked with the temperature at 
which the liquid is to be measured in them. This temperature is usually 
15 5° C., which is equivalent to 60° F. Careful attention to this uniformity 
of temperature is absolutely necessary when strict accuracy is required, since 
the volume of a liquid undergoes appreciable alteration by variations of 
temperature. 

243. Absolute Volume. — It should be noted that measuring- vessels are 
sometimes graduated according to the absolute unit. The cubic centimetre 
unit which is adopted for the measuring- vessols hereafter described is slightly 
larger than the absolute cubic centimetre, since tho absolute c.c. is the volume 
of 1 gram of water at 4° C., and tho c.c. m tho measuring-vessel represents the 
volume of 1 gram of water at 15*5° C. But since the measunng-vessels are 
only used for ascertaining the relative and not the absolute volumes of liquids, 
no error is introduced if the vessels correspond one with another in the value 
of their giaduations. In order to cahbiate in absolute volume at ordinary 
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temperatures, the weight of water, whose volume at the given temperature 
is equal to the absolute c.c., must be calculated, and this weight must be 
substituted for one gram. A correction to absolute volume can be applied 
from the known expansion of water at different temperatures, which is given 
in a special Table ( 982 ). Thus, if a flask contains 250 grams of water at 
15*5°, its capacity in absolute c.c.s will be 250 x 1*00097 =* 250 2425 c.c. 

Since the absolute c.c. is used m the measur.ng-vessels employed for 
gas analysis, the vessels used for gas analysis do not agree m their measure- 
ments with those used for liquids. The above correction can, however, be 
applied, if necessary, to render the volumes comparable. 

The temperature of 15*5° has been selected as the average temperature of 
the laboratory in this country, but Mohr recommended for his volumetric 
system the temperature of 17*5° C. as more nearly representing a mean value. 
Any other temperature, which is convenient under special conditions, may 
be selected ; but it must then be employed during the calibration and use of 
the whole senes of measuring-vessels. 

244 . Relation of Weight to Volume. — It should be remembered also 
that when ordinary measuring- vessels are used for pure water at 15*5°, the 
number of c.c. which they indicate will represent the weight of the water in 
grams. In the caso of a liquid of relative density different from water, the 
number of c.c. read off must be multiplied by the relative density of the liquid, 
in order to obtain the weight of the liquid m grams. 

245 . Measuring and Delivering.— A honzontal line, etched upon the 
measuring- vessel, indicates its capacity to that particular level. In a vessel 
which is intended both to measure and to deliver liquids, the capacity must 
be indicated by two marks. One of these serves to measure the volume of a 
liquid, and the other to deliver the same volume. The latter will in every 
caso correspond to a larger volume, since a portion of the liquid remains 
adhering to tho inside of the vessel. 

246. Reading the Volume. — The vertical section of the surfaco of a 
liquid in a tube is a curve or meniscus (Pig. 80, p. 142). It is usual to read the 
lowest point of the surface -meniscus in measuring the volume of a liquid. 

Great care must be taken that tho measuring-vessel is placed in a truly 
vertical position while tho volume of the liquid is being lead. 

247 . Calibration of Measuring- vessels. — Each measuring- vessel should 
be “ calibrated,” or its accuracy tested, by weighing or measuring a definite 
amount of water m it at 15*5°. This calibration must be made in a room as 
nearly as possible at the temperature of 15 5° C., and the process must be 



248, 249 ] 


THE MEASURING-FLASK. 


137 


carried on rapidly and without interruption, in order to guard against altera- 
tion of volume and loss of water by evaporation. 

If it is desired to calibrate the measuring-vessel in absolute c.c.s, the 
weight of the requisite volume of water at 15*5° to be introduced into the flask 
must be calculated. Thus, for a 250 c.c. flask, the weight of water at 15*5° 
to be introduced would be 250 x 0*999081 = 249*77 grams. The above 
factor is the density of water at 15*5°, as is shown in the special Table ( 982 ). 

Measuring- vessels are of various forms. Some of these are described below. 


The Measuring-flask. 

Note — The measuring- flask is used for obtaining a known volume of liquid. 
A graduated measuring-cylinder (259) may often replace the measunng-flask. 

248 . Measuring-flasks graduated for I litre (1000 c.c.), for \ litre 
(500 c.c.), for £ litre (250 c.c.), for 200 c.c., and for 100 c.c., will be found con- 
venient for general use. The level at which the 
upper surface of the liquid stands must be in the 
neck of the flask (Fig. 70), and the neck should be 
narrow to ensure accurate readings. 

Two marks arc usually etched upon the neck of 
the flask, one for measuring and the other for 
delivering the volume which is marked on the flask 
( 245 ). When the flask is filled to the lower mark it 
contains the stated volume ; and when it is filled to 
the upper mark, the stated volume can be poured 
out or delivered from the flask. 

249 . Calibration of the Measuring-flask.— 

Before a measuring-flask is used, it is w r ell to 
ascertain whether it holds or delivers exactly the The Litre Flask. 
volume w'hich is marked upon it. The following 

methods, by which the weight of water contained in or delivered by the 
flask is ascertained, serve to calibrate the flasks for measuring and delivering 
respectively. The results obtained from the different vessels bear a correct 
relation to one another. 

It must be remembered, however, that the volume of air which is displaced by 
a large quantity of water, is considerably greater than that which is displaced by 
the weights which counterpoise it. Hence it becomes necessary to apply a correc- 
tion to the weight of the water, as is explained in paragraph 13 , if great accuracy 
is requited. 


Fia 76. 
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250 . Calibration of a Flask for Measuring.— The flask is first 
thoroughly cleansed and dried (255> Note). It is then placed upon the 
left-hand pan of a fairly large balance, sensitive to one decigram, and is 
counterpoised by shot or by weights placed in the other scale-pan. 

A weight in grams, equal in value to the number of c.o which the 
flask should measure, is then placed with the counterpoise on the pan. Thus 
a quarter-litre flask would require 250 grams to be placed on the scale- 
pan. 

Tlie flask is now removed and placed upon a level surface, and distilled 
water at 15*5° is poured into it, until the graduation-mark on the neck is 
exactly touched by the lowest point of the meniscus of the water-surface. 
The neck of the flask is then carefully dned by means of filter- paper, and the 
flask is replaced upon the empty pan of the balance. If the balance is now 
in exact equilibrium, the graduation of the flask is correct, and no further 
trouble need bo taken ( 247 ). 

If the balance is not m equilibrium, one of two courses may bo adopted. 
Either the flask may be regraduated correctly ( 251 ), or the requisite correction 
may be applied each time the flask is used ( 252 ). The latter course is the 
less convement in practice. 

251. A Correct Graduation is obtained by increasing or diminishing the 
quantity of water m the flask, until equilibrium is obtained. The flask is 
then again placed upon a level surface, and a scratch is made on the neck, 
with a diamond or with the point of a hard file, on a level with the lowest 
point of the meniscus. This will give the true graduation for measuring. 

252. The Correction to be Applied to the Flask is ascertained as follows • The 
flask, filled exactly to the mark (250), is placed upon the left-hand pan of the 
balance, with the counterpoising weights m the other pan, as has been alieady 
described. Equilibrium is then secured by adding the requisite weights to one of 
the pans The value of these weights in grams is taken as representing the samo 
number of c 0. This volume must bo added to the volume marked on the flask, 
if the additional weights have been placed upon the counterfioise pan : and 
the volume must be subtracted from that of the flask, if the additional weights 
have been placed on the samo pan as the flask. The corrected capacity of the flask 
thus obtained should bo marked upon it by means of a diamond or a pointed file. 

253 . Calibration of a Flask for Delivering.— The flask is filled with 
distilled water to the graduation on its neck. The water is then poured out, 
and the flask is allowed to drain in an inverted position for a known time, 
say fifteen seconds. The flask, with its interior still wet, is now placed upon 
one pan of the balance, and its neck is closed by the stopper or by a rubber 
cork to prevent loss of weight by evaporation. The flask is then exactly 
counterpoised by weights or by shot, and weights are added whose volume in 
grams is equal to the number of c.c. which the flask is marked to deliver. 
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The flask is then placed on a level surface, and is accurately filled to the 
delivering-mark. It is then replaced upon the pan together with the stopper. 
If the balance is now m equilibrium, the flask was correctly graduated. If 
equilibrium is not produced, a correction must be applied (251, 252). This 
corrected volume will be delivered by the flask, when it is accurately filled 
to the delivenng-mark and is allowed to dram for fiftoen seconds after pouring 
out the liquid. 

Experiment. — Calibiato a quarter-litre flask in the manner described above 
( 250 - 253 ), so as to measure and to deliver 250 c c If the measuring-flasks of 
different capacities have not been already calibrated, they may be treated in the 
same way before they are used. 

The Pipette. 

254. The Pipette is a tube which is adapted to deliver smaller fixed quan- 
tities of liquid than measuring -flasks do, or to deliver varying small volumes 
of lquid. A pipette for delivering a fixed volume is shown 

in Fig. 77, and another for delivering varying quantities in Fig. 77. 

Fig. 78. IT 

The pipette must be narrow at each end. The liquid is 
introduced by applying suction from the mouth at the upper j Fig. 78. 
end, while the lower end is dipped into the requisite liquid. 

The liquid is thus raised to a higher level than the gradua- 
tion. The upper end is then rapidly closed by the end of 
the first finger ; and by carefully relaxing tho pressure of the 
finger, the hquid is allowed to flow out below, until tho lower 
curve of the meniscus just reaches the required graduation. 

If the pipette has only one graduation, the measured 
volume may now be delivered into any vessel by removing 
the finger, and allowing the pipette to empty itself and then 
to drain for fifteen seconds with its end touching the inside 
of the vessel. 

If the pipette is graduated throughout its length, a 
certain fractional quantity of its entire contents may be 
delivered by carefully relaxing tho finger-pressure until the 
requisite quantity only has flowed out. 

Pipettes. 

255. Calibration of the Pipette. — The process of cali- 
brating, or testing the accuracy of a pipette, may be earned out as follows. 

Note — The pipette itself and more especially its interior, must be scrupulously 
clean for the purpose of calibration, and if this is not known to be the case, it 
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should be treated as is described below. Any trace of greasy matter will cause 
drops of water to bo left on the inner surface of tho pipette after it is emptied, 
and will give rise to error. Grease may bo removed by Idling tho pipette with 
moderately strong potassium hydrate solution and allowing it to flow out again in 
about five minutes. Tho pipette is then rinsed out several times with water, and 
is filled with a warm solution of potassium dichromate in concentiated sulphuric 
acid : after five minutes this is allowed to flow away and tho pipette is then re- 
peatedly rinsed out with distilled water. 

The clean and dry pipette is first provided with an anangement for closing 
its delivering end, so that it may be weighed while it contains water. 

This may be simply effected by stretching a strip of thin rubber sheet, 
about 10 cm. in length and 0*5 cm. in width, over its lower end. An ordinary 
rubber ring of the proper dimensions, if cut across at one part, answers very 
well. The middle of the strip is pressed against tho tip of tho pipette so as 
to close it, and the strip is retained m position by di awing its free ends up on 
opposite sides of the pipette. Tho ends are then fastened down, while the 
strip is m a state of slight tension, by twisting a piece of copper binding-wire 
over them and round tho pipette- tube. Tho band thus forms an elastic loop, 
which can be stretched over the tip of tho pipette and will effectually 
close it. 

Tho rubber loop having been drawn aside, tho pipette is filled up to tho 
graduation with distilled water by suction, and its lower end is externally 
dried. The water is then allowed to flow out, and tho pipette is permitted 
to drain for fifteen seconds in an erect position, with tho tip touching the 
inside of the beaker. Tho pipette is now held in a houzontal position, and 
tho rubber-loop is stretched over its tip. It is then laid upon tho pan of an 
open balance, and is accurately counterpoised without delay. 

Tho pipette is then held m an upright position, and distilled water at 
15*5° is introduced from a long and fine jet of a wash-bottlo into the top of tho 
pipette, until tho lowest point of the surface meniscus of the water just touches 
tho graduation-mark. Tho vnter-levcl may bo adjusted, if necessary, by 
means of a piece of glass tube drawn out into a long slender capillary ; this 
is pushed down the pipette, and by its means water can be readily either 
introduced or sucked out, as may bo necessary. 

As soon as the pipette is exactly filled, it is once more laid upon the scale- 
pan. A weight in grains, equal in value to tho number of c.c. the pipette 
should deliver, is now added to tho counterpoise of tho empty pipette ( 247 ). 
If this producos exact equilibrium, the pipette is correctly graduated. 

If tho balance is not in equilibrium, the quantity of water in tho pipette is 
gradually increased or diminished by means of tho drawn-out tube until 
equilibrium is obtained. A filo-mark is now made at the bottom of the water- 
meniscus, and this will furnish tho coriect graduation. 

An alternative method, if the uioctte is found to be mconect, is to ascer* 
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tain its true delivering capacity ( 252 ), and to consider this as the volume which 
it delivers. 

Another Method which gives satisfactory results consists in filling tho pipette 
up to the mark with distilled water at 15*5° C., allowing the water to flow out into 
a weighed stoppered flask, and then weighing tho flask. From the weight of tho 
water thus obtained, the delivering capacity of the pipette is then calculated. 

Occasionally pipettes of largo capacity are used. In calibrating these, attention 
to the correction described in paragraph 1 3 is necessary, if absolute measurement 
is required. 

Experiment. — A 25 c.c. pipette may be calibrated as is described above. All 
tho pipettes which are to be used should be similarly calibrated if they are not 
known to be correct. 


The Burette. 

256- The Burette differs mainly from the graduated pipette by being 
open to atmospheric pressure at the top while it is in use. The outflow 


of liquid from the lower end is 
started, regulated and arrested by 
means of a glass tap or a suitable 
clamp. 

The burette (Fig. 79) is a tube of 
uniform diameter throughout its 
graduated part. It will be found 
convenient to shape the top of tho 
burette into a small conical funnel : 
this may be effected by softening 
the glass in the blowpipe- flame, and 
opening it out by means of a conical 
piece of charcoal. The lower end 
is considerably narrowed, and may 
be closed by means of a glass tap 
or by a pinch-cock which presses 
upon a rubber joint. 

Tho burette is graduated 
into cubic centimetres and frac- 
tions thereof, and may contain 
20 , 50, or 100 c.c. Those in 
general use have a capacity of 
50 c.c., each c.c. being divided into 
tenths. 


Fia. 79. 
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The burette is usually filled by closing its lower end and pouring in liquid, 
from the top. The liquid should rise above the highest graduation, and 
should then bo allowed to flow out from below until the lowest point of the 
meniscus just touches this graduation (Fig. 80). 

In filling the burette great care must be taken that no air-bubbles are 
left in the tap or jet, since when the burette is in use, it is assumed that 
liquid only passes out. Tho volume of any air-bubble 
which is swept through would be counted as so much 
liquid, since tho volume of liquid which is assumed 
to have flowed out of the burette is measured by 
the fall of the liquid surface. 

The burette is supported by being clamped in a 
convenient stand (Fig. 79). It should not bo held in 
tho hand after it is filled, else error is introduced by 
the expansion of the liquid contents, owing to the 
heat imparted by tho hand. 

In reading tho position of tho liquid surface 
against the graduations, tho eyo should always be 
in tho same horizontal piano as tho liquid surface, 
in order that errors of parallax may be avoided. 
Various forms of float may bo used to facilitate 
tho process of reading. Tho Erdmann float (Fig. 81) is slightly smaller in 
diameter than tho burette, and carries a horizontal mark upon its middle. 
Tho float keeps uniformly immersed in tho liquid and rises and sinks with 
it, if the interior of tho burette is perfectly clean (Note, 255 )* The graduation 
on the burette, which corresponds with the mark on the float, is read off as 
the level of tho liquid surface. 

If the float is not employed, the meniscus curve of the liquid surface in 
the burette may bo shown with a sharp black outline by holding a card in an 
inclined position behind the burette and near the surface of the liquid. 

If tho liquid in the burette is very dark in colour, its upper surface may 
be read without difficulty, 

257 - Calibration of the Burette. — The perfectly clean burette (Note, 
255) I 3 filled with distilled water at 15 5° C., and the tube below is carefully 
freed from air-bubbles. The calibration is then effected by allowing succes- 
sive quantities of water, of 5 c.c. each, to flow into a tared stoppered flask 
or weighing-bottle. The weight in grams of each portion of water should 
be exactly equal to the volume of the water in c.c. as indicated by the burette, 
due allowance being made, if necessary, for the expansion of the water ( 247 ). 



258 . If the reading of the burette is found to be inaccurate, a table should 
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be drawn up showing its true capacity up to each graduation : the error 
between two successive weighings being distributed equally between the 
graduations which are included in the 5 c.c. interval. 

Thus, in calibrating from 0 to 10 c.c. on a burette, the following weights of 
water were obtained. From 0 to 5, 4*9549 grams ; and from 5 to 10 , 4*9781 

4*9549 

grams. The first c.c. division on the burette therefore corresponds to — ~ — 

= 0*99 c.c. ; the second division corresponds to 0*99 x 2 = 1*98 c.c., and 
so on for the first five divisions. Similarly the sixth division will contain 
4*9781 

— — 0*990 c.c. Therefore the first six divisions of the burette will 

t) 

contain 4*95 + 0*998 = 5*946 c.c. ; and seven divisions will contain 
5*946 + 0*996 = 6*942 c.c. 

Another method is to draw a curve upon squared paper. The graduations 
of the burette should bo plotted horizontally and the volumes vertically. 
The true value of any graduation can then be obtained from the curve. 

Experiment. — A 50 c.c. burette may be calibrated in the above manner. All 
burettes may bo similarly tested beforo being used. 


The Measuring-cylinder. 


259 . Measuring-cylinders of thick glass often usefully supplement, or 
replace, the measuring-flasks. Since the upper surface of the liquid in the 
cylinder, however, is greater than that in the flask, 
the accuracy of the reading is diminished by using 
the cylinder. 

The cylinder is usually graduated throughout 
the greater part of its length, the successive gradua- 
tions indicating from 1 to 10 c.c. each according to 
the diameter of the cylinder. The cylinder may bo 
graduated either for measuring or delivering the 

liquid ( 245 ). 

Measuring-cylinders are of two kinds. One kind 
is narrowed at the top, and can be closed by a 
clean rubber cork or by an accurately ground 
stopper (Fig. 82). This form is convenient for 
shaking and mixing the liquid contents without 
risk of loss. The other kind of cylinder is open 
at the top, and is furnished with a lip for pouring ~ 
out. Measuring -cylinder. 
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260. Calibration of the Measuring-cylinder.— A cylinder for measur- 
ing liquids is most rapidly calibrated by allowing water to flow into it from 
a previously calibrated burette. If the graduations are not correct, it will 
be necessary to construct a table in which the true value of each graduation 
is shown, as is described above in the case of the burette (258). 

If the cylinder is graduated for “ deliver ng,” the mtenor must be wetted 
(253) before applying the above process. 

Experiment. — A qua iter-litre cylinder may he calibrated as is directed above, 
adding 10 c c from the burette each time All other measuring-cylinders may be 
calibrated in this way before they aie used. 


Agreement of Measuring-vessels with one another. 

26l. It is necessary to ascertain that all the different measuring- vessels 
agree one with another m the value of their graduations. 

For most purposes of volumetric analysis it is not necessary that each 
vessel should be absolutely accurate, when it is tested by weighing distilled 
water in it at a standard temperature. It is suflicient that the relative value 
of the measurements given by the differ ent vessels should correspond. This 
relative correspondence is absolutely necessary. 

Thus two quarter-litres when delivered into the half-litre measuring-flask 
must fill it to its graduation ; and the 50 b.c. pipette, when its contents are 
emptied five times in succession into the quarter-litre measuring -flask, must 
exactly fill it to its graduation. 

Evidently the application of a strictly accurate system of correction to 
all the vessels by water-calibration will ensure this relative accuracy. By 
proceeding as is suggested above, the correctness of the pievious cahbiation 
can be ascertained. 


Indicators used in the Volumetric Estimation of 
Acids and of Alkalis. 

262. Indicators which are required for special purposes will be described 
hereafter. The following indicators serve to show the approach, and finally 
the attainment, of the point of neutralisation when an acid and alkali are 
mixed. 

263. General Caution in using Indicators.— It should be remembered 
that when the completion of a reaction is ascertained by means of an mdi- 
cator, or by means of any final colour-change, it is necessary that the one 
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liquid should be added to the other in all cases in the same order, else the 
results which are obtained will usually not exactly correspond with one 
another. 

Thus if litmus is used as an indicator while an acid is being added to 
standard caustic alkali solution, the acid should if possible be added to the 
alkali and not the alkali to the acid, in all processes of estimating acid by the 
alkali m the presence of litmus. 

It is further to be noted that the solutions should be of fair concentration 
and of approximately equivalent strength. Undue dilution causes some of the 
indicators to undergo hydrolytic dissociation, and this prolongs the end reac- 
tion ; but dilution m any case tends to prevent a sharp result being obtained. 

The attainment of the point of neutialisation is rarely absolutely correct. Thus 
methyl-orange (268) is more sensitive towards alkalis than it is towaids acids, 
neveitheless it is usual to take the change f 10111 yellow (alkali) to pink (acid) 
because the eye more readily detects this change of colour than the converse 
change. 

264. Litmus Solution. — This solution is used both for acids and for 
alkalis. It is most sensitive when it is of a purple colour. The presence of 
most free acids causes the litmus to assume a bright red tint • the presence 
of free alkali produces a pure blue tint. The solution may bo prepared as 
follows. 

Digest about 10 grams of solid litmus with about 250 c.c. of distilled water 
for a few hours in a warm place. Decant the clear liquid from the residue, 
and add dilute nitric acid m sufficient quantity to change the colour of tho 
solution to distinct purple. 

A [More Sensitive Litmus Solution may be made as follows : Extract all 
tho colouring-matter from tho solid litmus, by repeatedly digesting it with hot 
water Evaporate this solution to a moderate volume and convert all carbonates 
present into acetates by adding a slight excess of acetic acid. Again evaporato 
the solution over a water-bath until it becomes pasty, and then add an excess of 
methylated spirit. The spmt will precipitate tho blue colouring-matter, while a 
red colouring-matter, together with tho alkaline acetates, will remain in solution. 
The precipitate is transferred to a filter, and is washed with spirit It is then 
dissolved m warm water, and the solution is rendered purple by the cautious 
addition of dilute nitric acid. 

Litmus solution should be kept m a corked bottle, the cork being deeply 
grooved, in order to allow free access of air to the contents of tho bottle. 
Even when this precaution is taken, tho colour of the liquid gradually fades. 
The colour may usually be restored, however, by exposing the solution to 
the air in an open dish. 

Small quantities of this solution may be conveniently transferred to tho 
solutions which are to be titrated, by means of a small pipette made by 

10 
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drawing out a piece of glass tube at one end. The pipette is fitted into a 
perforation in the cork, which is in the neck of the store -bottle. 

When some litmus solution is to bo removed, the narrow end of the pipette 
is immersed in the liquid, and the upper end is closed by the finger. By this 
means the requisite quantity of liquid can bo taken out. If definite quan- 
tities of the solution are to bo used, file marks may be made on the tube to 
denote the volumes. The pipette may be marked for the delivery of 2 c.c., 
1 c.c., and 0*5 c.c. 

The presence of free carbonic or boric acid in solution changes the blue 
colour of litmus to reddish purple. Accordingly when an acid solution is added 
to an alkaline carbonate, the litmus solution acquires a reddish tint, before the 
point of neutralisation of the caibonate by tho acid is arrived at. The error 
which would arise from this source is prevented by lemoving the carbonic 
acid by boiling the liquid. The point of neutrality is known to have been 
just passed, and the reaction is therefore complete, when the solution has 
assumed a bright red colour which does not change when the liquid is boiled. 

Litmus solution indicates correctly mineral acids and strong organic acids 
such as oxalic acid. It may also be used for alkalis, alkaline carbonates, 
alkaline hydroxides and ammonia. Its indications are not interfered with 
by tho piescnco of ammonium salts. 

265. Litmus-paper. — A moderately stiong solution of purple neutral 
litmus solution (264) is prepared, and strips of glazed paper are drawn through 
it. The strips aro hung up to dry in a room free from acid fumes. Ordinary 
glazed paper produces a more sensitive test-paper than filter-paper does. 

266. Cochineal Solution.— The colour of tho solution is yellow, and 
this is turned to reddish violet by alkalis. The reddish violet solution of 
cochineal is changed to yellow again by mineral acids, but is not easily 
affected by weak organic acids. Tho solution should not be used in tho 
presence of compounds of iron or of aluminium, or of acetates. 

This indicator is not affected in colour by carbonic acid. It also pos- 
sesses the advantage over litmus that the change of colour produced by 
free acid can be more readily seen by artificial light and in the presence of 
coloured organic matter. 

Tho solution is prepared by digesting about 10 grams of pondered cochineal 
for several hours at a gentle heat in a litre of weak spmt, made by mixing 
200 c.c. of methylated spirit with 800 c.c. of water. Tho clear liquid is 
decanted from tho sediment, and is then ready for use. 

267. Turmeric-paper.— The yellow colour of this paper is changed to 
reddish brown by alkalis. Since turmeric is gradually bleached by exposure 
to daylight, the test-paper should be kept in the dark. 
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The paper is prepared as follows. Powdered turmeric-root is digested 
two or three times with small quantities of water. This treatment removes 
some objectionable inert colouring-matter. The active colouring-matter 
is then extracted by digesting the powder with methylated spirit, which has 
been diluted with twice its volume of water. Strips of filter-paper are drawn 
through the clear solution thus obtained, and are hung up to dry in the air 
with as little exposure to daylight as possible. 

Turmeric-paper may be used as an indicator m estimating C0 2 in air by 
Pettenkofer’s method ( 912 ). 

268 . Methyl-orange. — This substance is also known as Tropaeolin D, 
or Orange III. In alkaline solution its colour is yellow, but this colour 
changes to red on the addition of a mineral acid. The change of colour is not 
produced by carbonic acid or other feeble acids. Hence this indicator may 
be used for the titration of the more powerful mineral acids in the presence 
of carbonic acid and the feebler organic acids. 

The presence of much water causes the red colour of a faintly acid solution of 
methyl-orange to become yellow This is probably due to hydiolytic dissocia- 
tion Care must therefore be taken that the concentration of the solution under 
titration is about the same as that of the standard acids and alkalis used. 

The solution is prepared by dissolving I gram of methyl-orange in a small 
quantity of methylated spirit, and making the solution up to a litre with 
methylated spirit which has been diluted with its own volume of water. The 
solution does not decompose or undergo change by being kept, 

269 . Phenol-phthalein. — The solution of this indicator in alcohol is 
colourless. When a few drops are added to the solution of an alkali, the 
liquid assumes an intense red colour : this colour is readily destroyed by the 
addition of an excess of either mineral or organic acid. Phenol-phthalein 
is suitable for the titration of inorganic and organic acids and of strong bases, 
but it cannot be used in the presence of carbonic acid, or of ammonium gaits ; 
it is therefore not suitable for titrating ammonia by an acid. 

The presence of free C0 2 in ordinary distilled water causes a slight error, 
which should be allowed for, particularly if decinormal acid solution is used. 

Concentrated solutions of alkaline hydroxide do not give a red colour with 
this indicator ; such solutions should therefore be previously diluted with 
water. 

The solution is prepared by dissolving 0 2 gram of pure phenol-phthalein 
in GO c c. of rectified spirit, adding 40 c 0 . of water, and then filtering if 
necessary. 
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Standard Solutions. 

270. Standard Solutions.- The solutions of definite strength winch are 
used in volumetric analysis are termed Standard Solutions. A standard solu- 
tion may be made of any strength, which is suitable for the particular estima- 
tion to which it is applied. 


271. Normal Solutions. — A standard solution is said to be of Normal , 
or Equivalent Strength , when 1 litre contains the equivalent weight in grams 
of an clement, acid, alkali, or salt. 

By the term equivalent is understood the weight in giams of the substance 
which is chemically equivalent to 1 giam of hydiogen, to 40 06 grams of NallO, 
to 36*46 grams of HC1, or to 53*05 grams of Na 2 C0 3 . 

Thus a normal solution of KOH contains 56*16 giams of the solid substance 
per litre, and a normal solution of I1N0 3 contains 63 02 giams of the acid in 

106 1 

the litre. But the noimal solution of Na 2 C0 3 will contain only 9 - -= 53 05 


giams of that salt per litre, since two molecules of monobasic hydrochloric 
acid are required to neutralise one molecule of sodium carbonate. Similaily 

08 08 

the normal solution of dibasic sulphuric acid will contain only -g- - = 49*04 


grams per litre. 

The capital letter N is used to denote a normal solution. A solution of 
one-half the normal strength is termed a Seminormal Solution ; if it is 

/N\ 

of one-tenth the normal strength it is known as Decinormal ( -- 1 ; and if it 
isf of one-hundredth the noimal stiength, it is a Cenhnoimal Solution 



Note — The above definition explains the ordinary application of the term 
Normal and of its derivatives But these terms are sometimes used with a ditTeient 
implication. Thus the oxidising power of potassium permanganate and of potas- 
sium dichromate is often the basis on which the above terms are applied In acid 
solution KMnOj is 1 educed by many substances according to the following equation 
2KMn0 4 «= K,0 + 2MnO + 50- in which 2 gram -molecules of KMn0 4 coi respond 
to 5 gram-atoms of oxygen or to 10 giam-atoms of hydiogen . and in order to place 

permanganate on a hydrogen basis a noimal solution is made to contain T?^* n 5j < __ 
310 3 

— — 31 *63 grams per litre Similarly, the molecule K Cr 0. can impait 3 atoms 

of oxygen to certain substances in acid solution, and a normal solution therefore 
K Cr O 294 2 

contains 1 ^ J = — = 49*03 grams to the litre, the decinormal solution 
con taming 4 *003 grams. 
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272 . Molecular Solution. — A standard solution which contains the 
molecular weight of the substance in grams in 1 litre, may be distinguished 
as a Molecular Solution , and is distinguished by the capital letter M. Solu- 
tions of fractional strength are distinguished by the prefixes semi-, deci-, and 

centi- respectively, and are shortly denoted by ^ ^ and 


Storage and Preservation of Standard Solutions. 

273* A Winchester quart-bottle is suitable for the storage of large quantities 
of solution. The bottle which is to contain the solution should not only be 
clean but dry. If it has been recently washed and is still wet inside, it must 
be rinsed out with a portion of the standard solution, since the moisture m 
the interior of tho bottle would alter the strength of the standard solution. 
As soon as the solution has been introduced, tho bottle should bo securely 
stoppered. It is then immediately labelled with the name, strength, and date 
of tho preparation of the solution. The label should also bear the initials of 
the maker of the solution. 

Evaporation of water from the standard solution invariably occurs when 
the bottle is opened for use, and may even take place slowly while the bottle 
is closed. Some substances also undergo chemical change in solution in course 
of time. Hence a standard solution usually alters in strength when it is 
stored. The amount of this alteration will depend upon the substance 
dissolved, the ago of the solution, and the frequency with which it is used. 
An opinion may bo formed as to the probability of change having 
occurred in tho strength of the solution by noting the date of its preparation. 

It must further be remembered that, unless the bottle is completely filled 
with tho solution, internal evaporation and condensation will lead to the for- 
mation of drops of pure water on the upper part of the interior of the bottle. 
Care must, therefore, be taken to shake the bottle before removing the stopper, 
so as to mingle this water once more with the solution. 

Loss by evaporation is checked by drawing a tightly fitting rubber cap 
or finger-stall down over the stopper and neck of the bottle. This not only 
keeps the stopper firmly in its seat, but also forms a waterproof covering 
which serves to keep the lip of tho bottle clean. 

Another method of preventing evaporation is to close the bottle with a 
rubber stopper instead of with an ordinary cork. Or a glass stopper, which 
is somewhat too small for the neck of the bottle, may be used ; the stopper 
has a suitable piece of tightly fitting black rubber tubing drawn over it : the 
stopper is then virtually a rubber one. A rubber stooper .s always to be 



150 


VOLUMETRIC ANALYSIS. 


[ 273 , 

preferred for a bottle containing a solution of caustic alkali, since a glass stopper 
becomes set fast in its seat by the action of the alkali upon the glass. 

Standard solutions should be kept in a cool place, as the evaporation 
of water from the solution will naturally be less when the temperature of the 
storeroom is low. 

Some standard solutions undergo chemical change by the action of light, 
and should therefore be kept in the dark. A cold, dark closet or cellar is 
generally the most suitable place of storage for standard solutions ; but if 
they cannot be stored in the dark, the bottles may be externally coated with 
black paint or with black opaque paper. 




PART III -SECTION VI. 

ALKALIMETRY AND ACIDIMETRY. 


The student should note that many directions and precautions, which are of 
general importance in the prepaiation of standard solutions, are given in para- 
giaphs 283-289. These are not repeated m the subsequent portions of the text. 


Normal Sodium Carbonate Solution. 

283. This is a scmi-molcculai solution, and contains 53*05 grams of 
Na 2 C0 3 per litie. 

In descnbmg the general method of preparing this liquid, it must bo 
remembered that contraction of volume occurs during the solution of sodium 
carbonate m water. A similar contraction occurs m the preparation of 
many other solutions. Hence a standard solution cannot bo obtained by 
pouring water upon the requisite weight of the salt until the necessary volume 
is attained. The only plan is to make up the solution of the salt to its true 
volume m the measuring-vessel itself, by adding water at the proper tempora- 
ture, and constantly mixing it with the solution. 

284. Preparation of the Solution.— Na 2 C0 3 is most readily obtained 
in the puro state by igniting pure sodium bicaibonate. 

The bicarbonate should tirst bo tebted for tiaccs ot chloride and sulphate. 
This is effected by shaking it for some tnno in a stoppered bottle with a small 
quantity of distilled water, and then applying the necessary tests to the clear liquid 
If chloride or sulphate is present, about 100 grams of the bicaibonate aio shaken 
with a small quantity of distilled water, the salt is allowed to settle, and the liquid 
is decanted. The washing is repeated with fresh portions of distilled water, until 
the last washing-water gives no reaction for sulphate or for chloride , the bicar- 
bonate is then drained on a porous tile and is dried by pressing it between dry 
sheets of filter- paper. 

100 c.c. of the normal solution will suffice for present purposes. This is 
prepared as follows : 

About 9 grams of the pure bicarbonate are spread in a thin layer inside 
a weighed platinum or porcelain dish. The dish and its contents are then 
heated over a Bunsen flame to dull redness for about twenty minutes. Care 
must be taken not to fuse the salt, else some of the Na 2 C0 3 will be decom 
posed. After the dish has cooled in a desiccator, it is weighed. It is then 
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heated again for ten minutes, allowed to cool, and weighed. These processes 
are repeated until the w*eight remains constant. The weight of pure Na 2 C0 3 
in the dish is now found by subtracting the weight of the dish. The standard 
solution may be prepared from this carbonate according to the directions 
given in (a) or m (b), and is at once stored in an accurately stoppered bottle. 

(a) The Volume of the Normal Solution, which would contain the 
above weight of Na 2 C0 3 , is found by Calculation ; the carbonate is 
dissolved and the solution is made up to this volume —Thus if the 

5 7 x 100 

sodium carbonate weighed 5 7 grams, it will furnish - - r Qnr — = 107 4 c.c. of 

** O oUu 

the normal solution, since 5*305 grams of Na 2 C0 3 are required for 100 c.c* 
of noimal solution. The procedure is as follows : 

The weighed carbonate is transferred from the dish to a small beaker 
without loss, and the dish is rinsed out into the beaker with successive small 
quantities of hot distilled water until every trace of the carbonate has been 
removed. 

The carbonate is then dissolved by stnnng it with the water in the beaker ; 
the solution is poured down the stn ring-rod into the 100 c.c flask, and the 
beaker is rinsed with three or four successive small quantities of water, which 
are also poured down the rod into the flask. 

The liquid is now made nearly up to the 100 c.c. mark with distilled water 
at 15*5°, and is constantly mixed by shaking. The neck of the vessel is then 
closed by a glass stopper or by a clean diy rubber coik, and its contents are 
thoroughly mixed by shaking. The solution is finally made up precisely 
to the maik, by placing the vessel on a level suiface, and slowly filling m 
water from a pipette, or burette, or from a wash-bottle with a fine jet. The 
bottom of the meniscus of tho liquid surface must now just touch the 
graduation. 

The volume of water required to make the liquid up to 107*4 c.c., which 
in tho abovo example amounts to 7*4 c.c., is then added from a burette, and 
the liquid is onco more thoroughly mixed. 

The liquid may then be transferred from the flask to a clean, dry, 
stoppered store-bottle. 

(b) The Weight of the Sodium Carbonate is brought to exactly 6 300 grams ; this 
is dissolved, and is made up with water to 100 c c. The adjustment of the weight 
of the carbonate may be effected by removing small quantities of the carbonate 
from the dish with the point of a penknife, while the dish is on the scale-pan, the 
weights having been first adjusted on tho other pan so as to bo equal to the weight 
of the dish -f- 6 305 grams. The salt is then dissolved, and the liquid is brought 
to the requisite volume as is descubed above (a). The liquid is then well mixed 
by shaking it m the flask. 
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Normal Sulphuric Acid Solution. 

285- This solution is a semi-molecular one, and should therefore contain 
49 04 grams of pure H 2 S0 4 per litre. 

The general procedure for the preparation of the solution is as follows : 
An appropriate quantity of pure strong oil of vitriol is diluted with water m 
a thin glass vessel. The hot mixture is then cooled, and its strength is ascer- 
tained by titrating a portion of it with the standard sodium carbonate solu- 
tion (284)* As soon as the strength of this diluted acid is accurately known, 
the amount of further dilution with water, which is necessary in order to reduce 
it to the normal condition, may bo easily calculated. 

286 . Preparation of the Solution.— 30 c.c. of pure oil of vitriol are 
allowed to flow into about 200 c.c. of distilled water contained m a thin glass 
flask. The liquids are well mixed, and the mixture is cooled by shaking it 
round while a sticam of tap- water flows over the flask. The cold liquid is 
transferred to a litre flask, and its volume is made up to one litre with constant 
mixing. A portion is then titrated with the standard sodium carbonate 
solution as is described below. 

Preliminary Titration of the Acid Solution.— A clean and well-drained 
20 c.c. pipette is rinsed out, by partly filling it with the normal sodium car- 
bonate solution by suction, shaking the liquid round m the pipette, and allow- 
ing it to flow away into the sink. The pipette is then once more charged 
with the normal solution exactly to the 20 c.c. mark, by sucking up more 
than the requisite volume, quickly applying the first finger to the top of the 
pipette. The 20 c.c. of liquid is then allowed to flow into a 250 c.c flask or 
beaker by raising the finger from the end of the pipette, and some water is added. 

If the interior of the pipette was not only clean but perfectly dry, the prelimi- 
nary rinsing with the solution may be neglected, since in that caee there is no 
danger of diluting the standaid solution with water adhering to the interior of the 
pipette. 

A burette has now to be charged with the diluted acid. If the interior 
of the burette and the jet are not perfectly dry, they must be rinsed out with 
a small quantity of the acid, which is rejected. The burette is then filled with 
the acid, and air-bubbles are carefully removed from the tap or jet below, 
by allowing some of the liquid to flow rapidly through into the bottle. The 
burette is then finally filled precisely to the zero mark. 

Sufficient methyl -orange solution (268) is now added to the sodium car- 
bonate solution in the flask to give a pale yellow colour to the liquid. 

This yellow colour will furnish an indication by changing to pink when the 
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sodium carbonate has been exactly neutralised by the addition of the dilute 
acid from the burette. 

The flask is placed upon a white plate or tile, and the acid from the burette 
is dropped gradually into the sodium carbonate solution, and is constantly 
mixed with the solution by shaking it. The addition of acid is continued 
until the yellow colour of the whole liquid just begins to change to red. 

It is important that the acid should be added m the slightest possible 
excess, and that the change to permanent red should be produced only on 
the addition of the last drop of acid. 

The volume of tho dilute acid solution, which has been required for the 
neutralisation of the sodium carbonate m the flask, is now read off on the 
burette , and this result is confirmed by a repetition of tho titration in a 
precisely similar manner, with a fresh quantity of the sodium carbonate 
solution. Tho two titrations should not differ by more than 0’1 c.c. 

If Neutral Litmus Solution (264) is used as tho indicator in this titiation, 
it must bo remembered that the change of colour to red docs not indicate complete 
neutralisation by tho conversion ot the alkaline Na i CO >J into neutral Na/> 0 4 , 
because the CO^, which is liberated in the reaction, dissolves m the cold liquid and 
exerts an acid roaction upon tho litmus 

In order to expel this dissolved C 0 Jf the liquid in the flask is boiled for a few 
minutes, and tho blue colour, which is thus restored, is again just converted into 
red by the cautious addition of acid from the burette 

The liquid is now once more boiled, and if the red colour of tho litmus remains 
unchanged the neutralisation is complete. If tho colour still changes when tho 
solution is boiled, the above processes must be repeated until the hquid remains 
red after it has been boiled for a few minutes 

A comparison-flask may be prepared in which a similar quantity of water and 
litmus solution has been made distinctly red by the addition of acid. This will 
serve to show the red tint which must be obtained m the test-flask. 

287 . Process of Dilution to Normal Strength. — These titrations will 
prove that the acid solution is somewhat too strong. It may be made normal 
by proceeding as is described in the following example : 

In a special case, the 20 c.c. of the alkaline solution were exactly neutra- 
lised by 18*4 c.c. of the acid solution. It follows that 18*4 c.c. of the acid will 
require to be diluted to 20 c.c. in order to furnish a standard acid, which is 
exactly equivalent to the alkaline solution. A litre of normal acid is therefore 
made by measuring 18*4 x 50 = 920 c.c. of the acid into a litre flask, and then 
diluting this to a htre with distilled water. This diluted acid is now thoroughly 
mixed, and is once more titrated with the alkaline solution, as has been 
already desonbed ( 286 ), in order to ascertain that it is correct. 

Titration after Storage. — Tho acid solution usually becomes more or less 
altered in strength after it has been stored for some time (273)* Its strength 
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will therefore require to be occasionally ascertained by titrating it with a 
froshly prepared solution of sodium caibonate. 

20 c.c. of the solution may be used for ascertaining its strength by titra- 
tion, and the titration may bo effected from a 50 c.c. burette, which should 
furnish enough liquid for two titrations. 

288. Correction of Standard Solutions by means of Factors.— It 
is not usual to bring back a solution, which is found to be slightly m error, 
to its true standard. Instead of this a correction is applied to the solution 
when it is used. This method of correcting the solution will be rendered 
intelligible by the following example : 

In a special case 19*8 c.c of standard acid solution were required, instead 
of 20 c.c , to neutralise 20 c.c. of freshly prepared normal sodium carbonate 
solution. Accordingly the number of c.c. of this acid which have been 

20 

employed in any titration will require to be multiplied by = 1*01, in 

order to find the number of c.c. which would have been required if the acid 
had been normal. The number 1*01 is termed the “ Factor ” of the solution. 

The factor which is requned for the correction of a standard solution 
should be enteied upon the label of the bottlo from time to time, with the date 
of its determination. 


Normal Sodium Hydrate Solution. 

289 . This solution contains 40*06 grams per litre; it is piepared by 
dissolving about 44 grams of pure sodium hydrate in water. 

If the solution is required to be free from sodium caibonate and from other 
sodium compounds, it may bo piepared by the action of metallic sodium upon dis- 
tilled water. 

Sodium hydrate solution is prepared from metallic sodium as follows About 
25 grams of clean sodium are cut into small pieces. These pieces are introduced, 
one by one, into recently boiled and cooled distilled water contained in a platinum 
or silver dish. The dish is covered with a clock-glass immediately after the addi- 
tion of each piece of metal, m older to prevent the loss of NaOH by spirting ; and 
the reaction is allowed to complete itself, before each successive addition of the 
metal. 

The strong solution of the hydrate is now diluted to a litre with distilled 
water, which may have been recently boiled and cooled so as to insure its 
freedom from carbonic acid. 20 c.c. of the solution are then mixed with a 
few drops of methyl -orange solution ( 268 ), and are titrated by adding normal 
sulphuric acid ( 285 ) from a burette. The sodium hydrate solution is then 
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brought to the normal strength by diluting it to the requisite extent with 
distilled water (287). 

This solution should bo again titrated occasionally by means of the standaid 
acid, since it is subject to change when kept. The bottle, which contains it, 
should be closed by a rubber stopper (273), since a glass stopper is apt to 
become set fast by the action of the alkali upon the glass. 


Normal Hydrochloric Acid Solution. 

29O. This solution contains 36*40 grams per litre. About 150 c.c. of 
pure strong hydrochlonc acid, winch has a specific gravity of 1*14 and 
contains 28 per cent of HC1, are diluted to a litre. The exact stiength of 
this solution is ascertained by titration with normal sodium hydrate 
solution (289) according to the directions given in paragraph 286. The acid 
solution is then brought to standard stiength by dilution with water (287)* 


Estimation of the Total Acid in Vineoar. 

29I. Tins estimation depends upon finding the amount of seminormal 
sodium hydrate solution, which is required to neutralise the acid present in 
a known quantity of the vinegar. 

25 c.c. of the semi-normal sodium hydrate solution (289) are measured by 
a pipette into a small flask. The vinegar is then added to the alkaline solution 
from a burette with constant mixing, until a drop of the liquid, when placed 
upon litmus-paper (265) by a thin glass rod, just reddens the paper. This in- 
dicates the end of the titration. 

If the vinegar is colouilcss or nearly so, a few drops of ncutial litmus 
solution (264) may bo added to the liquid in the flask, instead of using litmus- 
paper, and this renders the process of titration more rapid. 

The point of neutrality is still more rapidly ascertained by adding a little 
phenol-phthalein solution (269) instead of litmus to the sodium hydrate solu- 
tion in the flask. The vinegar is added from the burette until the red colour 
disappear. This indicator may be used oven with slightly coloured vinegar, 
and yields more accurate results than litmus does. 

In calculating the percentage weight of pure acetic acid which is present 
in the vinegar, it should be noted that according to the equation 
H.C a H 3 O s + NaOH = NaC 2 H 3 O a + H a O, 60*03 grams of acetic acid exactly 
neutralise 40*06 grams of NaOH, 
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Therefore each c.c. of the seminormal sodium hydrate solution will 
00*03 

neutralise = 0*03 gram of acetic acid. The amount of vinegar, 

which is required to neutralise the 25 c.c. of sodium hydrate, will accordingly 
contain 25 x 0 03 = 0 75 giam of acetic acid. The number of c.c. of vinegar 
used may be taken as the w eight of the vinegar in grams (292), and the per- 
centage weight of acetic acid in the vinegar is then calculated by proportion. 


292 . The Weight-burette —For oidinaiy purposes it is sufficiently accurate 
to assume in the above calculation that each c c of vinegar weighs 1 gram. This 
assumption is, however, only absolutely true of puic water at 4° C. And since the 
specific gravity of the vinegar diffeis slightly fiom that of watci, and its tempeia- 
ture is higher than 4° C , the volume of the vmegai race must be brought to 4° C , 
and this must be multiplied by its specific gravity ( 33 - 38 ), m order to obtain the 
tme weight of the vinegar The collection thus applied necessitates the deter 
mutation of the specific gravity of the vinegar 

Tins is lemloied unneccssaiy, if the oidinary measuring-burette is replaced by 
a weiglit-buietto (Fig 83) The weight-burette is a small, thin 
flask with a narrow delivery-neck, and a bioadcr opening to Fia #3 
be closed by the finger The clean and dry burette is half 
filled with vinegar ard weighed 

The vinegar is then gradually added to the sodium 
hydrate solution by tilting the burette The lunette with 
the remaining vinegar is again weighed, after tho titration 
has been finished The weight of vmegai, which has 
been used in the titration, is equal to the difference between Weioht-burette. 
these two weighings 

The burette must he kept stoppeicd when it is not in use, in order to guard 
against loss of weight by evaporation. 



Indirect Estimation of Barium or Calcium in Solution by 
Standard Solutions of Na 2 C0 3 and of Acid. 

293 The method consists in adding a known volume of decinormai 
sodium carbonate solution (271, 283) to the neutral solution containing the 
barium, the sodium carbonate being added in quantity more than sufficient 
to precipitate the whole of the barium as carbonate. After tho solutions 
have been thoroughly mixed by staling, the barium carbonate is removed 
by filtration and washed. The filtrate and washings are mixed and made up 
to a known volume, and the excess of sodium carbonate is then determined 
m an aliquot part of this liquid by titration with decinormai hydrochloric 
acid solution (27l» 29O). 

The difference between the quantity of sodium carbonate thus found by 
titration, and the original quantity taken, furnishes the weight of Na s CO a 
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which is necessary to exactly precipitate the barium as carbonate ; and from 
this the weight of barium which was originally present in the solution may 
be calculated as is shown in the following example : 


In a special case the barium solution was precipitated by adding to it 30 2 c c. 
of decinormal sodium carbonate solution The excess of sodium carbonate, 
contained m the filtrate and washings, required 5 4 c c of decinormal hydro- 
chloric acid for its neutralisation. Hence the volume of sodium carbonate solution, 
which was required to precipitate the barium, was 30 2 - 5 4 = 24 8 c c. and each 
c c. of this solution contains 0 005306 gram of Na^CO,. 

Now from the equation, BaCl^ + NajCOg— BaCO<, -f 2NaCl, it will be seen 
that 137 4 parts by weight of Ba are precipitated by 106 1 of Na^COj. 

Therefore each c c. of the Na^COj solution corresponds to 


137 4 x 0 005300 

Tool 


0 00687 gram of Ba 


Hence the weight of Ba which was present in the abovo solution is 
24 8 x 0 00085 - 0 1 69 gram. 


294 A Less Rapid and Less Accurate Method consists in precipitating the 
barium as carbonate, from a known quantity of its neutral solution, by tho addition 
of sodium carbonate solution in excess. The filtered and well-washed precipitate 
is dissolved in a known volume of decinoimal hydrochloric acid (65, 66), which 
must bo added m slight excess , tho solution is boiled for five minutes, and the 
excess of acid in tho solution is then titiated by adding standard NaOH solution 
from a burette in the pieseneo of methyl -orange (268) 

Tho results thus obtained furnish the necessary data for finding tho weight 
of HC1, which is required to convert tho Ba from eaibonate into chloride: 
BaCO, +2HC1— BaC^ -f CO^ + H/) Fiom this tho weight of Ba may be 
calculated. 


Direct Estimation of Ammonium in its Compounds by Evolv- 
ing, Absorbing and Titrating the Ammonia. 

295- Tho ammonia, expelled by heating the ammonium compound with 
caustic alkali solution, is absoibed m a known volume of standard acid, and 
the excess of acid is determined by titration with standard alkali solution. 

This method of estimation by means of standard solutions is much more 
rapidly carried out than that described in paragraph 173 * 

The ammonia gas is evolved and absoibed m precisely the same way as 
has boon described in paragraph 173 . Tho gas is absorbed, however, in 100 
c.c. of normal sulphuric acid ( 286 ) in the flask ( h , Fig. 67, page 101). 

As soon os tho evolution and absorption of the ammonia is complete, the 
absorption-apparatus is nnsed out with water as has been already described 
I 173 ), and the acid and washing- water are made up to 200 c.c. The well- 
mixed liquid is then transferred to a burette, and is allowed to exactly 
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neutralise 10 c.c. of normal soda solution ( 289 ), using either litmus or methyl- 
orange as an indicator. Two titrations should not differ by more than 0 1 c.c. 

The Following Example will serve to illustrate this process and the method 
of calculation • 

0 935 gram of crystallised ferrous ammonium sulphate was weighed out The 
ammonia was absorbed by 100 c c of normal sulphunc acid. After the absoiption 
was completed the liquid was made up to 200 c c 

. 21 c c of this liquid were found to exactly neutralise 10 c c. of normal NaHO : 

200 x 10 

therefore 200 c c would require = 95 24 c c. of normal NaHO, and the 

number of c c of II,S0 4 neutralised by the Nil, =* 100 - 95 24 «= 4 76. 

And since each c c of and corresponds to 0 018 gram of NH 4 , the weight of 
NH, m the salt - 4 76 x 0 018- 0 08508. 

0 08568 x 100 

hence the percentage of NK 4 — 0935 — “ 9*16 

Another Method for estimating Ammonia volumctiically is given in para- 
graph 296. 


Indirect Estimation of Ammonium in its Compounds by means 
of Standard Solutions of Sodium Hydrate and of Acid. 

Note . — This method is convenient when free acid is present with the 
ammonium salt, as m the “ sulphate of ammonia” of commerce. The amount 
of free acid can then be first titrated by standard sodium hydrate solution ; 
a known excess of that solution is then added, and the ammonia is estimated after 
boiling the liquid as is desenbed below 

296 . Tho indirect method described below may be applied to any am- 
monium salt of definite composition ; this excludes the carbonate. 

It depends upon decomposing the salt by boiling it with a known volume 
in excess of standard sodium hydrate solution ( 289 ), the boiling being con- 
tinued until no more NH 3 escapes with tho steam. The excess of sodium 
hydrate present in the liquid is then estimated by titration with a standard 
acid, using litmus or methyl -orange as an indicator. 

In carrying out the process, the ammonia is known to have been completely 
expelled, when a strip of moistened turmeric-paper is no longer rendered 
brown by the escaping steam. 

In the reaction which occurs, the quantity of sodium hydrate which is 
neutralised is proportional to the amount of ammonia which is evolved. 
This is shown by the following equation, which represents the reaction m the 
case of ammonium chloride : 

NH 4 C1 4- NaHO = NH* + NaCl + H 2 0. 

From this it is seen that 17 04 grams of NH a correspond to 40*06 grams of 
NaOH neutralised. 
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The Following Example will serve as an illustration of the process and of the 
calculation. 

1 1302 grams of an ammonium salt were mixed with 50 c c of normal sodium 
hydrate solution, and the lK|uid was boiled until turmeric-paper was no longer 
discoloured when it was held in the escaping steam The liquid was then coloured 
by the addition of a few diops of litmus solution, and semi-moiecular or noimal 
sulphuric acid was added until the litmus just turned bught red The volume 
of acid required was 30 c c. 

Now since the sodium hydrate and the acid solutions are equivalent to one 
another, the amount of sodium hydrate solution which has been neutralised by 
the ammonium salt is 50 - 30 = 20 c c And since each c c of the NaOH solution 
is equivalent to 0 017049 gram of NH 3 , the weight of NH 3 present 19 20 x 0 017049 

0 3409 x 100 

3=» 0 409 gram Therefore the peicentage of NH 3 present is - — - «= 30 10. 

18 052 x 30 16 

And the percentage of NH 4 present is - - «= 31 91. 

297 . Other Examples for Practice. — Brief details are given below of certain 
estimations which involve the use of standaid acid and alkali Some of them are 
so simxile that they might well precede many which have been already described. 

Weigh out accurately about 10 grams of each of the following substances, and 
dissolve them separately in sepai ate poitions of water. Then dilute each solution 
to 250 c c and make the estimation as is stated below. 

(a) Sodium carbonate, sodium bicarbonate, potassium bicarbonate or borax 
is titrated with normal sulphuric acid, using methyl-orange as an indicator. 

(b) Alkaline earth hydroxides or cailoiiates aie mixed with excess of normal 
hydrochloric acid, and the excess of acid is titiated with normal sod um hydrate 
solution, using methyl-orange as an indicator 

(c) Strong sulphuric, hydrochloric 01 mtiic acid, or an acid salt such as KHS0 4 
is titrated with noimal sodium hjdioxulc solution, using eithei methyl orange or 
litmus as an indicator. 

(d) Acetic, oxalic, citric or other oiganic acid is titrated with normal sodium 
hydroxide solution, using phenol- plithalc in as an indicator 

(e) The organic salts of the alkalis and alkaline earth metals arc strongly heated 
and conveited into carbonates, and these carbonates are titrated as is directed under 
(a) and (b). 



PART III -SECTION VII. 

PROCESSES OF OXIDATION AND REDUCTION, 


Valuation of Bleaching-powder by Oxidation of Alkaline 

Arsenite. 

300. Introductory. — The composition of dry bleaching-powder, when it 
is in the freshly-prepared state and fully charged with chlorine, may be repre- 
sented by the formula 2CaOCl 2 .Ca(OH) 2 . When this substance is treated 
with water, it yields a liquid which probably contains CaCl 2 and Ca(OCl) a 
together with some Ca(OH) 2 . The value of the bleaching-powder depends 
on the amount of Ca(OCl) 2 which can be produced by dissolving it is 
water. 

In the ordinary applications of bleaching-powder, there is little doubt 
that the nascent oxygen furnished by the hypochlorite is the active agent. 
But it is not customary to estimate the value of bleaching-powder from the 
percentage of the hypochlorite, or of the nascent oxygen which it can furnish. 
The weight of chlorine, which is chemically equivalent to this oxygen, is 
ordinarily returned, and this is termed the “ available chlorine.” 

When bleaching-powder of the above composition is acted upon by an acid 
the whole of its chlorine is set free and becomes “ available 99 : 

2CaOCl 2 .Ca(OH) 2 + 3H,S0 4 = 2Cl a + 3Co£0 4 + 4H 2 0. 

Hence the weight of available chlorine m good bleaching-powder corre- 
sponds to the whole of the chlorine which it contains. Chlorine compounds, 
which contain chlorine m a condition unavailable for purposes of chlorina- 
tion or oxidation, are, however, often present in bleaching-powder. This may 
aiise from careless preparation or storage of the powder. Hence the available 
chlorine in bleaching-powder is usually less in amount than the total weight 
of chlorine which it contains. 

The above formula represents bleaching-powder which contains about 
40 per cent, of chlorine But bleaching-powder does not commonly contain 
more than 35 per cent, of available chlorine, and the percentage sometimes 
falls considerably below that amount. 

The amount of nascent oxygen which bleaching-powder can yield, or its 
equivalent of available chlonne, may be estimated in several ways. Three 
methods are described in paragraphs 301, 3IJ>» and 350. 

161 


11 



162 


VOLUMETRIC ANALYSIS. 


[ 301 , 


301. Estimation of the Available Chlorine in Bleaching-powder 
by the Oxidation of an Alkaline Arsenite.— When solution of bleaching- 
powder is brought into contact with solution of an alkaline arsenite, the relative 
amounts of arsenious oxide and of the oxidising agent which act upon one 
another are shown by the following equation : 

As 2 0 3 4- Ca(OCl) 2 = As 2 0 6 + CaCI 2 . 

Here the semi-molecule of arsenious oxide (As 4 0 6 ) is oxidised by 0 2 , and this 
O a is chemically equivalent to Cl 4 . Hence the amount of oxidation is a 
measure of the “ available chlorine.” The following process of estimation 
depends upon this reaction. 


The Standard Solution of Arsenious Oxide . — The most convenient weight 
of arsenious oxide for this solution is the serai -molecular weight (As 2 0 3 ) 
divided by 40. This gives a decinormal solution, since As 2 0 3 corresponds 
to Cl 4 in the process of titration. 


Accordingly 


198 

40 


= 4 95 grams of pure rcsublimed arsenious oxide (1 10, 


Exp. 29) are weighed out accurately into a 500 c,c. flask, and about 25 grams 
of pure sodium carbonate crystals are added. The flask is then half filled 
with water, and is heated on the water-bath until the arsenious oxide is 
dissolved. The solution is cooled under the water-tap, by placing a small 
inverted beaker over the neck of the flask and then allowing a gentle stream 
of cold water to run upon the beaker and thence over the surface of the 
flask. 

As soon as tho liquid is cooled down to 15*5° C., it is transferred to a litre 
flask, and the solution is made up to a litre with water at 15*5°. After the 
contents of tho flask have been well shaken, they are transferred to a clean 
dry bottle, which is at once labelled with the name and strength of the solution 
and the date of its preparation. 

198 

Each c.c. of this solution will contain j[ 5 ~ x ^qqq — 0*00495 gram of 


arsenious oxide, and this corresponds to 0*003545 gram of Cl. 


Preparation of the Bleaching-powder Liquid — Weigh out 10 grams of 
the bleaching-powder on an open balance. Place the powder in a smooth 
porcelain mortar, preferably one which is glazed inside, and add a few c.c. 
of water. Bub the mixture into a paste by means of the pestle, then add 
more water and continue the rubbing until a thin cream is formed. Allow 
the solid to subside and decant the supernatant liquid into a litre flask. 

Then triturate the residue repeatedly with fresh quantities of water, stirring 
up the liquid and pouring it off after each addition, until the whole of the 
solid has boon transferred to the flask. Finally, fill up the flask to the mark 
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with water, and mix its contents well by shaking. The liquid will always 
be milky, because bleaching- powder is not completely soluble in water. The 
solution must be at once quickly titrated, since it undergoes rapid change. 

Iodide-slarcli-paper is then prepared as follows. Shake up one part of 
pure starch with about a hundred parts of distilled water, and heat the mixture 
to boiling. Then add about one part of pure potassium iodide, and pour off 
the clear liquid from any sediment which may bo present. Moisten strips 
of unsized paper with this solution, dry them in the air, and keep the paper 
in a well-stoppered bottle. 

The Process of Titration . — Withdraw 25 c.c. of the freshly made and 
recently mixed bleachmg-powder solution by means of a pipette, and allow 
it to flow into a flask. Rinse out a 50 c.c. burette with a little of the standard 
arsemte solution, and then fill it above the zero mark with the same solution. 
Allow the liquid to flow out until the meniscus stands at the zero graduation, 
making sure that the rubber joint, or the tap, contains no air-bubbles. 

Now allow the arsemte solution to flow gradually and with continuous 
stirring into the 25 c.c. of bleachmg-powder liquid. Take out a small drop 
of the liquid from time to time by means of a glass rod, and bring it into contact 
with a moistened strip of the lodidc-starch-paper placed on a white tile. As 
soon as no^bluo coloration is produced upon the paper, the titration is known 
to be finished. The volume of liquid which has flowed from the burette is 
then read off 

Two titrations should be made, and they should not differ from one 
another by more than the tenth of a c.c. 

From the volume of arsemte solution, which has been required for the 
titration, tho weight of available chlonne present in the 10 grams of bleachmg- 
powder may be calculated, and from this the percentage weight of available 
chlorine present in the bleachmg-pou der is deduced. 

The Following Example is a record of tho results which were obtained in 
an estimation, together with the calculation of tho percentage of available 
chlonne present in tho bleachmg-powder : 

10 grams of bleachmg-powder were treated with water and made up to a 
litre. 

25 c.c. of this liquid required 20*7 c c. of tho arsenite solution. 

Since 1 c.o. of the arsenite solution corresponds to 0 003545 gram of Cl, the 
weight of Cl in 25 o.c. of the bleachmg-powder liquid is 20*7 x 0 003545 
— 0 07338 gram. 

Now the 25 c.c. of liquid titrated correspond to 0*25 gram of bleaching-powder ; 
therefore the percentage weight of available chlorine in the bleachmg- 
powder is 

0*07338 x 100 


0*25 


29 36. 



164 


VOLUMETRIC ANALYSIS. 


[302-304 


Two other Methods for estimating the available chlorine in bleacliing- 
powder are given in paragraphs 315 and 350 


USB OP POTASSIUM DICHROMATE SOLUTION. 

302 . Acidified potassium dichromate solution readily imparts a portion 
of its oxygen to various substances, and is itself reduced to a salt of chromium 
which remains mixed with a salt of potassium. Advantage is taken of this 
property to estimate ferrous salts and other oxidisable substances. 

303 . Thus an acidified solution of ferrous salt is at once converted into 
ferric salt by the addition of potassium dichromate solution. The reaction 
is thus represented : 

6FeS0 4 + K a Cr a 0 7 + 8H 2 S0 4 = 3Fe 2 (S0 4 ) 8 + Cr 2 (S0 4 ) 3 + 2KHS0 4 + 7H a O. 

From this equation it is seen that 294'5 parts of potassium dichromate can 
convert 0 x 65*9 = 335*4 parts of iron from the ferrous into the ferric state, 
if acid is present in sufficient amount. 

But since potassium dichromate is reddish yellow, and is converted by 
deoxidation into a green chromium salt, the point at which a slight excess 
of dichromate has been added to the ferrous salt cannot readily be seen. 

The precise point, at which the change of ferrous into feme salt m the 
above reaction is complete, is therefore ascertained by using freshly made 
potassium fernoyanide solution as an indicator. Feirous salts give, but 
ferric salts do not give a blue precipitate with this reagent. The dichromate 
solution is accordingly added to the acidified iron solution, until a drop of 
the liquid ceases to give a blue coloration when it is brought into contact 
with a drop of potassium ferrioyanide solution on a white tile. 

Note — The process of marking the complete oxidation of a ferrous salt solution 
is very much more simple when standard permanganate solution is used instead 
of dichromate, since the coloration of the liquid itself becomes the indicator 
(316 et *eq.). But the use of permanganate is inadmissible in the presence of 
readily oxidisable organic matter, and is only possible m the presence of hydro- 
chloric acid under special conditions (399). 


Preparation op Standard Decinormal Dichromate Solution. 

For the meaning of “decinormar* refer to Note (271) 

304. Preparation of the Dichromate Solution.— Heat about 10 grams 
of pure recrystallised potassium dichromate just to fusion in a porcelain dish. 
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Allow the salt to cool, and then powder it in a clean dry mortar. Weigh out 
294 *2 

» 4*903 grams of the powdered dichromate into a litre flask. Dissolve 

60 

it in distilled water ; then fill up the flask to the mark with water, and mix 
the liquid by shaking it well. Each c.c. of this solution corresponds approxi- 
55*9 

mately to jqqq = 0*00559 gram of iron. 

This solution must only be considered to be of the true strength when it is 
freshly prepared. It will require to be standardised afresh after it has been 
kept for some time. 

When it is necessary to ascertain the strength of the dichromate solution, 
a solution of ferrous sulphate of known strength is required. This is prepared 
either from a weighed quantity of metallic iron, or from a known weight of 
ferrous ammonium sulphate. 


305. Titration of the Dichromate Solution by means of Metallic 
Iron. — A known weight of pure iron is dissolved in dilute sulphuric acid 
without contact with air in the following way ; 

Preparation of the Solution of Iron . — Weigh out accurately about 1 gram 
of pianoforte wire, which is free from rust and has been cut into pieces about 
2*5 cm. in length. 

Fit into a 300 c.c. round flask a perforated cork, through which a bent glass 


Fig. 84. 


Fig. 85. 
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in a small beaker. Support the flask in an inclined position by clamping it 
upon a retort-stand. 

Now half All the flask with dilute sulphuric acid, drop in a small piece of 
pure crystallised sodium carbonate, and replace the cork and tube. The 
carbonate will dissolve evolvmg carbon dioxide, which will replace the an 
m the flask. When the effervescence has nearly ceased, add the weighed 
steel wire. Then fit in the cork and tube, and arrange the apparatus as is 
shown in Fig. 84, page 165, and apply a gentle heat by means of a small 
flame until the wire is dissolved as ferrous sulphate, and no more hydrogen 
escapes through the water in the beaker. 

The exclusion of air during the process of solution is necessary, in order 
to prevent the formation of ferric salt : 

2FeS0 4 + H 2 S0 4 + O = Fe a (S0 4 ) 3 + H a O. 

Another device, which allows the hydrogen gas to escape from the flask and at 
the same time checks the entrance of air, consists in closing the neck of the flask 
by a perforated cork through which a short glass tube passes (Fig 85) The lower 
end of this tube terminates just below the cork, while the upper end is closed by 
a short piece of rubber tube which is slit in the middle and is closed by a small 
glass rod The vertical slit is easily opened by the pressure of hydrogen gas from 
within, but it closes by pressure from without, and therefore prevents the ingress 
of air. 

While the process of solution is proceeding, prepare some cold water 
free from dissolved oxygen, by boiling distilled water for a few minutes and 
then cooling it rapidly by immersing the flask in cold water. 

As soon as the solution of the iron wire is completed, cool the liquid, 
transfer it rapidly to a 250 c.c. flask, and rinse out the round flask several 
times into the measuring-flask with the above air-free water. Finally, make 
up the solution to the mark with the air-fiee water. 

306 . The Process of Titration . — Fill a 50 c.c. burette to the zero mark with 
the potassium dichromate solution. Measure out 25 c.c. of the iron solution 
into a 300 c.c. flask, dilute it with about twice its volume of air-free water, and 
add a few drops of strong sulphuric acid. Place a number of drops of very 
dilute and freshly prepared potassium ferricyanide solution upon a white tile 
by means of a glass rod. Then allow the solution of dichromate to flow in 
small successive quantities from the burette into the flask, mixing it well with 
the iron solution after each addition by stirring or shaking. 

From time to time take a drop of the iron solution out of the flask, by 
dipping into the liquid a thin clean glass rod, and bring the drop into contact 
with one of the drops of potassium ferricyanide solution on the tile. The 
first few drops from the flpsk will cause a strong blue coloration with the ferri- 
cyanide, but as the addition of the dichromate proceeds, the colour produced 
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with the ferricyamde will become more faint. As soon as the coloration 
becomes very faint the addition of the dichromate solution must be continued 
very cautiously, until a drop of the liquid containing the iron just ceases to pro- 
duce a blue coloration with the ferricyanide. The volume of the dichromate 
solution, which has been allowed to flow from the burette, is then read off. 

Two more similar titrations should then be made. In each of these, 
nearly the whole volume of dichromate solution required should bo allowed 
to flow into the flask at once from the burette, the last half of a c.c. only being 
gradually added drop by drop. The results of these titrations should not 
differ by more than the tenth of a c.c. 


Calculation of Results . — The weight of iron contained in the solution used 
in the above titration must be multiplied by 0*996, in order to correct it for 
impurities present in the steel wire originally employed ; and from the weight 
of pure iron thus found, the exact iron-value of the standard solution of 
dichromate may be calculated. 

The Following Example will serve to illustrate the process of calculation : 


1*162 grams of steel wire were dissolved in acid, as is described above, and the 
solution was made up to 250 c c. 

25 c c. of this solution required the addition of 21*1 c.c. of the dichromato 
solution in order to exactly convert the ferrous into ferric salt. 

Therefore 211 c.c. of the dichromate solution correspond to 1*162 grams of 
steel wire. 


1*162 x 1000 

And 1000 c c. of dichromate solution will therefore correspond to 

-a 5 4598 grams of steel, which contain 5 4598 x 0*996 «■ 5*4379 
grams of pure non. 

Each c.c. of the dichromate solution is therefore equivalent to 0*005438 gram 
of iron. 


307. Titration of the Standard Dichromate Solution by means of 
Ferrous Salt. — The iron solution may be prepared from ferrous ammonium 
sulphate, Fe(NH 4 )2(S0 4 )2.6H a 0, instead of from metallic iron, by dissolving 
7 grams of the salt in air-free water, to which a little H 2 S0 4 has been added 
to prevent the formation of basic salt : this solution is made up to 260 c.c. 
and the liquid is well mixed by shaking the flask. 

The above weight of the salt will give a solution containing 4 grams of 
iron per litre, since the double salt contains one-seventh its weight of iron. 

The process of titration is performed m exactly the same way as has been 
already described (306), a few drops of strong sulphuric acid being added to 
the iron solution before the dichromate solution is allowed to flow in. 
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Estimation of Iron in Ferrous and Ferric Compounds by 
means of Standard Dichromate Solution. 

308. The estimation of the total amount of iron present m an iron com- 
pound may be effected by means of the standard potassium dichromate 
solution. 

If ferrous compounds only are present, tho solution may be titrated at 
once (309) by the process described in paragraph 306. 

If the iron is present in the ferric state only, it is first reduced to the 
ferrous state (311, 312, 3*3)> an d ferrous salt is then titrated (306). 

If tho iron is present both as ferrous and ferric compounds, the amount 
of ferrous iron is first estimated by the dichromate solution m one portion of 
the solution ; and the whole of the iron is then reduced m another portion of the 
solution, and estimated. The difference between the two quantities of iron 
found will give the amount of iron which was originally present as ferric iron, 

309. Estimation of Iron in Ferrous Compounds.— For practice in the 
estimation, dissolve 5 grams of ferrous sulphate (FeS0 4 .7H 2 0) m air-free 
water, add a little sulphuric acid, and make up the solution to 250 c.c. with 
air-fice water. Measure out 25 c.c. of this solution, and titrate it as is des- 
cribed in paragraph 306. From the weight of iron found the percentage 
weight of non in the salt can then be calculated. 

» 

310. Estimation of Iron in Ferric Compounds.— Three methods are 
described below for the reduction of the iron to the ferrous condition before 
it is titrated by the dichromate solution. 

For piactice in tho estimation, dissolve 10 grams of iron alum, 
FoK(S0 4 ) a .12H 2 0, in water, add a little dilute H 2 S0 4 , and make up the solu- 
tion to 250 c.c. Reduce the ferric salt in the solution to ferrous salt (31 1 -313), 
and titrate the iron by the dichromate solution (306). 

311. Process of Reduction by means of Zinc.— 100 c.c. of the iron 
solution are placed in a flask fitted as is shown in Fig. 84 or 85 (p. 165). The 
liquid must, if necessary, be first evaporated until it does not more than half 
fill the flask. Strong hydrochloric acid is then added, and granulated zinc 
free from iron is dropped into the flask. The zinc will dissolve in the acid 
with evolution of hydrogen, and a portion of the nascent hydrogen will act 
upon the ferric chloride, and wull reduce it to ferrous chloride. At the same 
time the colour of the solution will change from yellow to pale green. After 
a time it will be necessary to heat the liquid gently m order to promote the 
action. The heating should be continued until all the zinc is dissolved. 

Before proceeding to estimate the iron, ascertain that it is present entirely 
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in the ferrous state, by taking out a drop of the solution with a clean glass 
rod, and bringing it into contact with a drop of potassium sulphocyamde 
solution on a white tile or dish. No red colour should appear, or at most 
only a very faint pink tint. If a distinct red colour is produced, more zinc 
and hydrochloric acid must be added, and the process must be continued m 
the reduction apparatus until all the zinc is dissolved. The solution is then 
again tested with the sulphocyamde, and these operations are repeated until 
no ferric salt can be detected. 

When the whole of the iron is proved to be present m the solution in 
the ferrous state, the liquid is quickly cooled and is made up at once to 
250 c.c. with air-free water. The titration of 50 c.c. of this solution is 
then immediately proceeded with in the acidified liquid, according to the 
directions given in paragraph 306, and is completed with as little delay as 
possible. 

312. Process of Eeduction by means of Stannous Chloride Solu- 
tion. — The iron in the acidified iron solution is reduced to the ferrous state 
by the addition of stannous chloride solution, which must be added m slight 
excess (Note). The excess of the stannous salt is then converted into 
stannic salt by adding excess of mercuric chloride solution : 

SnCl a + 2HgCl 2 = SnCl 4 4- Hg 2 Cl 2 . 

25 c.c. of the iron solution are placed m a 120 c.c. flask, 2 c.c. of strong hydro- 
chloric acid are then added, and the liquid is heated to boiling. Clear, freshly 
made solution of stannous chloride m twenty-five times its weight of water is 
next added from a pipette. The stannous solution is added drop by drop, 
until the yellow colour of the iron solution just disappears. About 3 c.c. of 
a saturated solution of mercuric chloride are then added. This must produce 
turbidity in the liquid, indicating that the stannous chloride solution has 
been added in excess. The solution is then cooled to about 60° C., and is 
titrated with the potassium dichromate solution (306). 

Note . — Care must be taken that a large excess of SnCl, solution is not added, 
else a very large quantity of HgCl, solution will be required, and the precipitate 
of HgjClj will interfere with the titration 

This method of reduotion is not suitable for iron solutions which are coloured 
brown with organic matter. 

313. Process of Eeduction by means of Ammonium Bisulphite 
Solution. — Prepare some ammonium bisulphite solution by passing S0 2 
gas into strong ammonia solution. Continue to pass the gas until the crystals, 
which may form at first, are redissolved, and the liquid smells strongly of S0 2 . 
The gas may be conveniently supplied from a bottle of the liquid S0 2 (1013). 

Pour 100 c.c. of the ferric solution into a small flask covered with a funnel 
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(Fig. 34, p. 36) and add ammonium hydrate gradually until a slight permanent 
precipitate is formed. Then add 5 c.c. of the bisulphite solution for each gram of 
substance taken. Place some pieces of platinum wire in the flask to prevent 
bumping, shake the liquid vigorously, and heat gently. Gradually increase 
the heating until the solution boils. If any precipitate forms at first, it will 
redissolve, and the liquid will gradually lose its yellow colour. 

As soon as the liquid is colourless, add some strong H 2 S0 4 diluted with 
four times its volume of water, in the proportion of 30 c.c. to each 6 c.c. of 
the bisulphite solution which was previously added. Test the solution with 
KCNS solution to ascertain whether the reduction of the iron is complete, as 
was directed in paragraph 31 1. When no ferric salt is present, boil the liquid 
until all the S0 2 is driven off, make it up to 250 c.c. with air-free water, and 
titrate the ferrous salt (306) in 50 c.c. of this solution. 


Estimation of Iron in an Iron Ore. 

314. If the iron exists in the ore partly or wholly m the ferric state, the 
ore is dissolved in acid, the iron is reduced to the ferrous state by one of the 
methods described above (3II-313), and is then titrated by the potassium 
dichromate solution. 

Process of Solution of the Iron. — Weigh out accurately about 2*5 grams 
of the powdered iron ore, which has been prepared as is described in para- 
graphs 55, 56. Heat this in a covered beaker (65) over a small flame for about 
half an hour with hydrochloric acid diluted with its own volume of water. 
Dilute this solution slightly with water, allow the undissolved matter to subside, 
and decant the liquid through a filter. Then treat the residue again with a 
small quantity of the dilute acid, and decant the liquid through the same 
filter. 

Tins procedure will usually have extracted all the iron from the ore. But 
if the further treatment of the residue with a small additional quantity of 
acid furnishes a filtrate in which iron can be detected when a drop is added to 
KCNS solution, the ore must be treated again with acid, and this treatment; 
must be repeated until no more iron is found in the last extract. 

The residue is now transferred to the filter, and is washed with as small 
a quantity of water as possible, and the filtrates and washing-water are 
mixed together and made up to 250 c.c. 

The feme salt present in thi3 solution is then reduced to the ferrous condi- 
tion by one of the methods described above (311-313), and the ferrous iron 
is titrated (306)* 
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If both ferrous iron and ferric iron are present, and each of these is to be esti- 
mated, the ore must be treated with acid out of contact with the air as is described 
m paragraph 305. A portion of tho acid solution is used for the estimation of 
the ferrous iron. The ferric iron in tho remainder of the solution is then reduced 
to the ferrous state and the total iron is determined in the ferrous state by the 
dichromate solution. The difference between the quantities of iron found by 
the two titrations gives the amount of ferric iron which was originally present 
in the ore. 

The titration may be much more rapidly effected if standard permanganate 
solution is used in place of dichromate (316 ct seq ). 


Valuation of Bleachino-powder by the Oxidation of A 
Ferrous Compound. 

315. When a solution of bleaching- powder is brought into contact 
with an acidified ferrous solution, the ferrous compound is converted into a 
ferric compound by the Ca(OCl) a of the bleaching-powder solution according 
to the following equation : 

Ca(OCl) a + 4FeS0 4 + 2H 2 S0 4 = 2Fe 2 (S0 4 ) 3 + 2H a O + CaCl 2 . 

Here 2FeS0 4 is converted into Fe 2 (S0 4 ) 3 by 0, and this 0 is chemically equiva- 
lent to Cl 2 ; each atom of Fe which is changed from the ferrous to ferric state, 
therefore, corresponds to one atom of “ available chlorine ” (300). 

In practice it is found most convenient to add the bleaching-powder solu- 
tion to an excess of an acidified solution of a ferrous salt, and then to estimate 
the amount of unchanged ferrous salt by means of dichromato solution (306). 

The Standard Solution of Ferrous Salt. — A solution containing 4 
grams of iron per litre will be found suitable. The solution is prepared by 
dissolving iron wire in dilute sulphuric acid, as is described in paragraph 305, 
or more readily by dissolving the proper quantity of ferrous ammonium 
sulphate in water as is described m paragraph 307. 

Preparation of the Bleaching-powder Liquid.— The solution is 
piepared from 10 grams of the blcachmg-powdor and is made up to a litre, 
according to the directions given in paragraph 301. 

The Process of Titration. — Measure out 50 c.c. of the iron solution into 
a beaker, and, if it is not already acid, acidify it by adding 1 c.c. of strong 
sulphuric acid. Add to this solution 25 c.c. of the bleaching-powder liquid, 
mix the liquids well by stirring, and ascertain the weight of ferrous iron 
remaining in the solution by means of standard potassium dichromate solu- 
tion (306)* The difference between this weight and the weight of Fe m the 
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50 c.c. originally taken will give the weight of ferrous iron which has been 
converted into ferric iron by the 25 c.c. bleaching-powder solution. 

From this weight the weight of available chlonne present in the 10 grams 
of bleaching-powder may be calculated, and from this the percentage weight 
of available chlorine present in the bleaching-powder may be deduced. 

The Following Example is a record of the results which were obtained in an 
estimation, together with the calculation of the percentage of available chlorine 
present in the blcaclnng-powder : 


10 grams of bleaching-powder were treated with water and the liquid was 
made up to 1 litre 

25 c c of this liquid converted 0*1208 gram of ferrous iron into the ferric state. 
According to the equation and statement on page 171 this mdicates the presence 
0 1208 x 35 45 

of -- *= 0 0765 gram of Cl in the 25 c.o. of bleaching- 

powder liquid 

Now the 25 o c of the bleaehing-liqmd correspond to 0 25 gram of bleaching- 
powder ; therefore the percentage weight of available chlorine 
0 0765 x 100 
0 25 — - 30 °- 


Other Methods for estimating the available chlorine in bleaching-powder 
are given m paragraphs 301 and 350 . 


‘USB OF POTASSIUM PERMANGANATE SOLUTION. 

316. Introductory Remarks. — Potassium permanganate solution readily 
yields a portion of its oxygen under suitable conditions to certain readily 
oxidisable substances, and may therefore be used instead of potassium dichro- 
mate solution for many volumetric estimations. It presents the advantage 
over dichromate that its strong colour practically disappears when it is 
deoxidised : an indicator is therefore unnecessary, since the presence of the 
slightest excess of permanganate is indicated by its colour. 

Potassium permanganate, however, cannot be used for the estimation of 
ferrous salts or of similar substances in the presence of easily oxidisable 
organio matter. 

The presence of hydrochloric acid also interferes seriously, under ordinal y 
conditions, with the accuracy of the estimation of the iron, owing to the 
liberation of chlonne from the acid by the oxidising action of permanganate : 
a special procedure for titrating iron in hydrochloric acid solution is described 
in paragraph 399. 

A liquid which is to be titrated with permanganate should be acidified 
with dilute sulphuric acid, if it is not already acid. Nitric acid must not be 
picscnt in any quantity. 



817-319.] 


STANDARD PERMANGANATE SOLUTION. 


173 


Solution of potassium permanganate becomes gradually weaker by 
the decomposition of the salt if it is exposed to light, and the solution 
must therefore be kept in a dark blue Winchester quart-bottle and stored in 
a cool and dark place. Owing to this liability to change, the permanganate 
solution should be standardised not only immediately after its preparation, 
but also at frequent intervals when it is stored. 

Some estimations which can be made by means of permanganate solution 
are described in paragraphs 32I-33O. 


Preparation, Standardisation, and use op Potassium 
Permanganate Solution. 

317. Crush about 5 grams of crystallised potassium permanganate in a 
glazed mortar in the presence of a small quantity of water, pour off the solu- 
tion into a litre flask, and repeat the process until all the salt is in solution : 
then make the volume up to a litre. 

The solution is usually standardised by a cold solution of ferrous salt 
containing some free sulphuric acid (318), but it may also be standardised 
by a warm solution of oxalic acid (320). 

318. Titration of the Permanganate Solution by means of Ferrous 
Salt. — The following reaction takes place when a cold acidified solution of 
ferrous salt is used in the titration : 

2KMn0 4 + 10FeS0 4 +9H 2 S0 4 = 5Fe 2 (S0 4 ) 3 + 2MnS0 4 +2KHS0 4 + 8H 2 0. 

The ferrous sulphate solution should be made immediately before it is 
required for the titration (305* 307)« The further procedure is similar to that 
already described under the standardisation of potassium dichromate (306) 5 
the use of an indicator, however, is unnecessary, since the end of the reaction 
is easily seen by the appearance of a pink tint in the liquid, as soon as the 
permanganate is present m excess. 

319. Pour some of the permanganate solution into a burette with a glass 
stop-cock (Fig. 79, page 141), filling the burette to the zero mark. A rubber 
joint must not be used in the burette, as it would reduce the permanganate. 
Allow the permanganate solution to flow into the cold ferrous solution, which 
has been acidified with a few drops of strong sulphurio acid, and has been 
diluted with freshly boiled and cooled distilled water. 

Continue the addition of the permanganate solution until a faint perma- 
nent pink colour remains after the liquids have been well mixed. This colour 
is readily seen when the beaker containing the iron solution is placed upon a 
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piece of white paper, or upon a white tiie, or if the titration is performed in 
a porcelain dish. 

Two titrations should be made, and they must not differ from one another 
by more than one-tenth of a c.c. 

The strength of the solution may be calculated by reference to the above 
equation (318). It is usually stated m terms of metallic iron, as has been 
described in the standardisation of potassium dichromate solution (306). 

The strength of the solution may also be stated in terms of available 
oxygen. The oxygon- value of tho permanganate solution may bo calculated 
directly from the iron- value, since every 111*7 parts of iron oxidised correspond 
to 10 parts of oxygen (2FeO 4- 0 = Fe 2 0 3 ). See Note , paragraph 27 1. 

320. Titration of Potassium Permanganate Solution by means of 
Oxalic Acid. — When potassium permanganate solution is added to a warm 
solution of oxalic acid which has been acidified with sulphuric acid, the 
following reaction takes place : 

2KMn0 4 + 5H 2 C 2 0 4 2H 2 0 + 3H 2 S0 4 - 10CO 2 + K 2 S0 4 + 2MnS0 4 + 18H 2 0. 

It will bo seen, on comparing this equation with that given for ferrous 
salt (318), that 120*02 parts of crystallised oxalic acid are equivalent to 111*7 
parts of iron, and require 10 parts of oxygen for their complete oxidation. 
This relation is shown moie simply by tho following equation : 

H 2 C a 0 4 .2H 2 0 + O = 2CO a + 3II a O. 

A Decinormal Solution of pure recrystallised oxalic acid is required for the 
titration. This is prepared by dissolving 0*301 grams of tho pure crystals 
in water, and making the solution up to a litre. 

Fifty c.c. of this solution are measured out into a beaker by means of a 
pipette, a little sulphuric acid is added, and the liquid is considerably diluted 
with water. The diluted solution is then hoated to 00° C., and the solution 
of potassium permanganate, containing about 5 grams per litre, is gradually 
added, until a faint permanent pink tint remains in tho liquid after it has been 
stirred. If the permanganate is added too rapidly, a brown precipitate forms, 
which is removed with difficulty by adding more sulphuric acid. 

The strength of the permanganate solution is readily calculated from the 
proportions yielded by the above equation. 
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Estimation of Iron in Ferrous and Ferric Compounds 

BY MEANS OF STANDARD PERMANGANATE. 

321. The iron present in a substance in the ferrous or the ferric condition, 
or partly in both conditions, may be estimated by titration with standard 
permanganate solution (319), instead of by dichromate, if oxidisable organic 
matter and hydrochloric acid are not present. The weight of Fe is calculated 
from the result of the titration, by means of the equation (318). 

322. Estimation of Iron in Ferrous compounds.— Care must be taken 
that the ferrous salt is not exposed to oxidation and conversion into ferric 
salt during the process of solution. This will be prevented by adopting the 
method of solution which is described in paragraph 305. The titration is 
carried out as is directed in paragraph 319. 

Substances from which the iron cannot be extracted by treatment with 
sulphuric acid are fused with KHS 0 4 m a Rose crucible (92) ; the cold mass 
is then dissolved in water and the solution is titrated with the permanganate. 

If hydrochloric acid has been used m preparing the solution to be titrated, 
the special procedure described in paragraph 399 must be adopted. 

323. Estimation of the Total Iron in Ferric compounds, and in a 
mixture of Ferrous and Ferric compounds. 

The ferric compound present in the solution is reduced to the ferrous state 
{3II-313), and the iron is then titrated with permanganate (319). 

If the solution of the original substance contains ferrous as well as ferric 
compounds, the iron in the ferrous compounds may be first estimated by 
titration in a part of the original solution (322). The total amount of iron 
is then estimated in another part of the original solution by reduction followed 
by titration: the reduction must be effected by zinc and sulphuric acid 
instead of hydrochloric acid (311), or by ammonium sulphite (313), since 
hydrochloric acid and stannous chloride are inadmissible except under the 
special conditions described in paragraph 399. 

The weight of iron in the ferric compounds, which were originally present 
in the substance, is equal to the difference between the total percentage of 
iron and the percentage of iron which was originally present m the ferrous 
state. 


Estimation of Oxalate in Solution by means of 
Standard Permanganate. 

325. An oxalate which is soluble in water is readily estimated by means 
of standard permanganate solution. About 6 grams of the oxalate are 
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accurately weighed and dissolved in water, and the solution is made up to 
250 c.c. A suitable quantity of this solution is acidified with sulphuric acid 
and is titrated as has been described in paragraph 320. 

The weight of C a 0 4 present may be calculated from the equation given in 
paragraph 32O. 


Estimation of Calcium in Solution by means of 
Standard Permanganate. 

326. The calcium is precipitated by adding a known volume in excess 
of standard oxalic acid solution. Either the excess of oxalio acid is then 
determined by titration with standard potassium permanganate solution 
(327)» or th® oxalic radicle present in the calcium oxalato precipitate is 
estimated (328). The second method should be employed if the quantity 
of calcium present is considerable and if great accuracy is required, since it 
obviates the error arising from the volume of the calcium oxalate precipitate. 

The Process. — Add to the solution of (lie calcium compound, contained 
in a flask, a measured volume of normal oxalic acid solution, m quantity more 
than sufficient to precipitate all the calcium as oxalate. Add ammonium 
hydrate solution in excess, then boil the liquid and allow it to cool, and proceed 
ts is directed in paragraph 327 01 328. 

327. Titration of the Excess of Oxalic Acid added. — Transfer the 
liquid containing the precipitate of calcium oxalate to a suitablo measuring- 
flask, make up to the mark with water, and mix the contents of the flask 
thoroughly. Pour off part of this turbid liquid through a dry filter into a 
flask of half the capacity, filling the flask to the graduation maik. 

Measure out an aliquot part of the filtrate — say one-half. Acidify this 
with sulphuric acid, heat the liquid to 60° C., and determine the oxalic acid 
in it by means of potassium permanganate solution (320). 

Calculate from this result the v eight of oxalic acid which is present in the 
whole of the filtrate, and subtract this weight from that of the oxalic acid 
which was originally added for the precipitation of the calcium. The re- 
mainder will be the weight of oxalic acid which is chemically equivalent to 
the calcium which was originally present, and from this the weight of Ca 
may be calculated on the assumption that 126*02 grams of crystallised oxalic 
acid correspond to 40 grams of calcium. 

328. Titration of the Oxalic Acid which has been Precipitated by the Calcium. 
— If the calcium oxalate precipitate is large in amount, it is filtered off 
and is well washed on the filter It is then dissolved in the smallest possible 
quantity of warm hydrochloiic acid, and the solution is diluted with water. This 
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liquid is mixed with a little sulphuric acid and heated to 60° C ; it is then at once 
titrated by the potassium permanganate solution. The quantity of oxal o acid 
thus found is chemically equivalent to the weight of calcium which was originally 
present, 126 02 paits of oxalic acid (H i C J} 0 4 2H a 0) corresponding to 40 parts of 
calcium. 


Estimation op Lead in Solution by means op Standard Permanganate. 

329. Lead may be estimated in a solution, rendered just acid by acetic acid, by 
methods described in paragraphs 326, 327. If the second method of titration 
(328) is employed for this estimation, the lead oxalate precipitate must be dissolved 
in dilute nitric acid ; sulphunc acid is then added, and the oxalic acid is titrated 
by pei manganate. 126 02 parts of oxalic acid (H,C,0 4 211,0) correspond to 207 1 
paits of lead. 


Estimation op Hydrogen Peroxide by means op Potassium 
Permanganate Solution 

330. Commercial hydrogen peroxide is sold of three strengths, and should con- 
tain 5, 10 or 20 times its own volume of “ available ” oxygen. The so-called 
“ ten volume *' solution should yield by decomposition ten times its own volume 
of oxygen, and this corresponds to 3 04 per cent of H,0 8 and to 1 43 per cent, 
by weight of “ available ” oxygen. 

In estimating the H,0, by means of potassium permanganate, it is essential 
that free sulphuric acid should be present, that reducing substances should be 
absent, and that the solution Rhould bo dilute. Under these conditions the 
reaction which takes place is as follows : 

2KMn0 4 + 5H,0 a + 4H,S0 4 = 60, + 8H a 0 + 2KHS0 4 + 2MnS0 4 . 

Process of Estimation — Add 6 c c. of dilute sulphurio acid to about 600 c c. 
of water m a porcelain dish, and allow dccmormal permanganate solution to flew 
into the liquid until it retains a faint permanent pink colour ; then add 5 0 c. of 
the hydrogen peroxide solution, and continue the addition of tho permanganate 
until the faint pink colour again becomes permanent. 

If the first drop of permanganate produces a permanent coloration, add a little 
more sulphuric acid ; if the colour still persists for a few minutes, no hydrogen 
peroxide is present in the solution. 

The proportion of hydrogen peroxide found in the solution can bo expressed 
either as percentage of peroxide by weight, or as percentage of “ available ” 
oxygen by volume. As has been mentioned above, a hydrogen peroxide solution 
containing 3 per cent, by weight of H O , corresponds to a solution liberating 
10 times its volume of available oxygen : and such a solution, 100 volumes of 
which can evolve 1000 volumes oxygen at 0° and 760 mm t is termed a solution of 
10-volume strength, or simply a 10-volume solution. 


12 
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USE OF STANDARD IODINE SOLUTION. 

Iodine dissolved in potassium iodide solution may be used for many 
different volumetric determinations (Note). The chemical reaction on which 
the estimations are based is usually that of oxidation, as is the case in the 
estimation of arsenious oxide : As 4 0 6 + 4H 2 0 + 4I 2 = 2As 2 0 6 -f 8HI. 

If the iodine solution is used in conjunction with sodium thiosulphate 
solution, the number of estimations to which it is applicable is increased. In 
these cases the iodine solution is usually added in excess, and the excess of 
iodine is then estimated by means of the sodium thiosulphate solution. The 
following equation represents the icaction which takes place between the 
iodine and the thiosulphate : 

2Na 2 S 2 0 3 + I 2 = 2NaI + Na 2 S 4 0 6 . 

As the sodium thiosulphate solution is gradually added to the iodine solu- 
tion, the brown co’our of the iodine solution wull change to yellow, and finally 
the liquid will become colourless ; but the exact point at which the yellow 
colour of the solution disappears is difficult to judge with precision. 

If, however, a few drops of starch solution are added to the pale yellow 
liquid, an intense blue colour will be produced, and this colour will entirely 
disappear when sufficient thiosulphate solution is added. In this case the 
completion of the titration is very sharply defined by the precise disappearance 
o f the blue colour. 

Occasionally the process of titration is reversed, the iodine solution being 
added to the liquid containing excess of the thiosulphate. The completion 
of the reaction will then be shown by the appearance of a faint but permanent 
blue colour in the liquid containing starch solution. 

Note. — The changeable iodine solution may be replaced by the permanent 
solution of KHflOj)^ and KI, iodine being set fiee in this solution immediately 
before it is used by adding an excess of HC1 : 

KH(I0 3 ), + 10KI + 11HC1- 0I 2 + 11KC1 + 6H/). 

This iodate solution must be prepared of such strength as to furnish the 
standard iodine solution (331) when it is mixed with excess of HCL 


Preparation and Standardisation of the Requisite 
Standard Solutions. 

The foil Dwing solutions are required for the processes of estimation which 
involve the use of standard iodine and standard sodium thiosulphate solu- 
tions : A decinormal solution of iodine ; a decimolecul^r ^olutipp of sodium 
,thiosulphate j and .a dibite solution .Qf stprefr. 
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331. Preparation of the Decinormal Solution of Iodine, containing 
126 92 

— = 12*692 grams of pure iodine per litre (Note, page 178). 

Weigh out accurately (Note) into a litre flask from a stoppered bottle 
12*612 grams of puro iodine (IIO, Exp. 28), taking care to remove the 
bottle from the balance- case before taking out the stopper. Then add about 
30 grams of pure potassium iodide and about 250 c.c. of water. Shake the 
contents of the flask until complete solution has takon place, adding more 
of the iodide, if necessary, to completo the solution of the iodine. Then fill 
the flask up to the mark with distilled water. The solution is very slightly 
below its full iodine value, owing to the presence of impurity in the potassium 
iodide which fixes some iodine. 

The solution must be kept in a well -stoppered bottle, and in a cool place. 

Note — Since iodine is volatile, it is difficult to weigh out exactly the 
quantity which is required for making a litre of the standard solution. Hence 
about 13 grams may be accurately weighed out by difference. This is dissolved 
in the manner already described, and is made up to the volume which is necessary 
to furnish a solution of decinormal strength. Thus, if 12*5 giams were weighed 

, , , 1000 x 12 5 

out, the volume of the iodine solution must be — — *» 9S5 c 0 . 

332. Preparation of the Decimolecular Solution of Sodium Thio- 

248*23 

sulphate, containing — — — = 24*823 grams per litre of Na 2 S 2 0 3 .5H 2 0. 

Weigh out accurately 24*823 grams of the puro r eery * tall lsed salt, which 
has been powdered and then dried by pressure between filter- paper. Dissolve 
this in water, and dilute the solution to a litre in the measuring-flask or 
cylinder. 

The solution undergoes chemical change by the action of light, henoj it 
should be kept in a dark blue Winchester quart-bottle, in a cool 1 losed cup- 
board the interior of which is painted dead- black. Even when these precau- 
tions against exposure to light are taken, the solution will require frequent 
titration (335) : but its permanency is much extended if 2 grams of potassium 
bicarbonate are r dded to each litre of the solution. 

333. Preparation of the Starch Solution.— Make about 1 gram of 
starch, free from acid, into a thin cream with a small quantity of cold water. 
Pour this into about 100 c.c. of water which is boiling in a porcelain dish, and 
continue the boiling for a few minutes. A1W the liquid to stand until it is 
cold, and pour off the clear solution. It is necessary to prepare this starch 
solution immediately before it is used, since, after the solution has been kept 
for some time, it does not give an intense colour with iodine. 
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334. Process of Standardising the Iodine and Thiosulphate Solu- 
tions. — If the thiosulphate solution alone is to be standardised, the process 
w hich is described in paragraph 335 may be employed. Usually it is only 
necessary to determine the value of the thiosulphate solution in relation 
to the standard iodine solution. This is effected in the following manner : 

Measure 20 c.c. of the iodine solution into a beaker, and dilute it with 
water. Then add the thiosulphate solution gradually from a burette, until 
the colour of the liquid fades to a pale yellow tint. Now add a few drops of 
the starch solution, and continue the titration until the blue colour thus 
produced just disappears. 

The iodine solution should require the addition of 20 c.c. of thiosulphate 
solution. If more or less than this volume is required, the factor which is 
necessary to correct the volume should be noted on the label of the thio- 
sulphate solution, the iodine solution being taken as the standard. 

Thus, if 20 2 0 c. of the thiosulphate solution are required for 20 c c of the 

20 

iodine solution, each c.c. of the thiosulphate solution will be equivalent to — — 

0*99 c.c. of the iodine solution. Hence the number of c.c. of thiosulphate solution 
which have been used in any estimation will require to be multiplied by 0 99, m 
order to ascertain the corresponding volume of the iodine solution. The number 
0 99 is termed the factor of the thiosulphate solution, and is entered as such upon 
the label of the bottle. 

335. The Thiosulphate Solution may be Standardised by adding it to the 
standard solution of potassium dichromate (304) or of potassium pcimanganate 
(317), which has been mixed with excess of KI solution and has then been acidified 
with H a S0 4 . The following are the reactions upon which the titration depends : 

K,Cr f 0 7 + 6KI + 7H,S0 4 - 31, + 4K 2 S0 4 + Cr 2 (S0 4 ) 3 + 7H v O. 

2KMn0 4 + 10KI + 8H,S0 4 - 51, + 8H,0 + 2MnS0 4 + 6K,S0 4 . 

It will be seen that the iodine which is liberated is proportional to the weight 
of or of KMn0 4 which is presont. 


Estimation of Antimony in Tartar-emetic by means of 
Standard Iodine Solution. 

336. When iodine is added to an alkaline solution containing Sb a O a , the 
following reaction takes plaoe : 

Sb 2 0 3 + 2I a + 2 H a O = Sb a O s + 4 HI. 

Sinoe free hydriodio acid is formed in this reaction, sufficient alkali 
must be present to neutralise this acid. A normal alkaline carbonate affects 
iodine, hence a bicarbonate must be employed for the neutralisation. For 
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every decigram of Sb 2 0 3 present in the liquid, about 25 e.c. of a saturated 
solution of NaHC0 3 in cold water should be added. 

Weigh out accurately about 1*5 grams of anhydrous tartar-emetic, 
KSb0C 4 H 4 0 6 (109, Exp. 27), dissolve it m water, and dilute the solution to 
250 c.c. Transfer 25 c.c. of this solution to a beaker, and add an equal volume 
of a cold saturated solution of NaHC0 3 free from Na a C0 3 . Now pour m a 
few drops of starch solution (333), and add the iodine solution (331) from a 
burette provided with a glass stop -cock until a famt blue colour just appears. 
The blue colour will disappear when the liquid is stirred, and more iodine 
solution must be added until the final permanence of the faint blue tint 
indicates the completion of the reaction. 

The amount of Sb 2 0 3 present can be calculated from the above equation, 
when the amount of iodine which is required for its oxidation is known. 

The above method is also applicable to the estimation of antimonious oxide. 
The oxide is first dissolved in tartaric acid and water. The tartaric acid is then 
exactly neutialiscd by moans of NaOH solution, the requisite quantity of NaHCOj 
is added, and the titration is perfoimed as is described above. 


Estimation of Arsenic in Arsen/oc/s and Arsen/c Oxides, and 

IN THEIR COMTOUNDS, BY MEANS OF IODINE. 

337- When iodine solution is added to an alkaline solution of As 2 0 3 , the 
following reaction takes place : 

As 2 0 3 + 2I 2 + 2H 2 0 = As 2 0 5 4- 4HI. 

Before the process of estimation, which is based on this reaction, can be applied 
to the higher oxide As^O,., that oxide must bo reduced to As^O, by passing SO^ 
gas into the solution to satmation. The excess of S0 3 gas is then driven off by 
boiling the liquid, and the solution of As,O t is titiated as is described below. 

If both oxides of arsenic aro present, the As^0 3 alone is first estimated in pait 
of the solution. A fresh portion of the original solution is then reduced by sul- 
phurous acid as is described above, and the As a 0 3 is again titrated: the total 
amount of As present in the original solution is thus estimated as Asfly From 
these two determinations the amounts of As 3 0 3 and of As 3 0 5 which were originally 
present may be calculated. 

For practice in the estimation, weigh out accurately about 1*5 grams of 
commercial sodium arsenate, and dissolve it in about 150 c.c. of water. Add 
a little acetic acid and sodium acetate to the solution, and boil for ten minutes 
in order to remove any nitrite which may be present ; then cool the solution 
and dilute it to 250 c.c. 

The amount oi arsenious oxide in 25 c.c. of this solution is determined 
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by mixing it with saturated NaHC0 3 solution in model ate excess, as shown 
by methyl -orange, then adding starch solution ( 333 ), and titrating with 
standard iodine solution ( 331 ), which is added until a faint permanent blue 
eoloration remains. 

The arsemc oxide in 100 c.c. of the original solution is then reduced by 
treatment with excess of S0 2 gas, and the excess is removed by boiling. The 
solution is then cooled and made up to 200 c.c. The amount of As 2 0 3 in 
50 c.c. of this solution, which is equivalent to 25 c.c. of the original solution, 
is found by adding NaHC0 3 m moderate excess, as indicated by methyl- 
orange, and titrating with the iodine solution. 

The diiferonce between the two titrations gives the amount of As 2 0 3 
which was originally present as As 2 0 5 . 

The oxides of arsenic may be estimated by this method. They are first dissolved 
in HC1. This solution is exactly neutralised by NaOH solution, then mixed with 
NallCOj solution, and is then titrated with the iodine solution. 


Estimation of Stannous Chloride by means of Iodine. 

338 . When iodine solution is brought into contact with stannous chloride 
solution, one molecule of iodine (I 2 ) converts one molecule of stannous chloride 
(SnCl 2 ) into stannic compound. 

A proce 33 for estimating stannous salt by means of iodine is founded on 
this reaction. 

Dissolve about 1 gram of the tin salt, or 0*5 gram of metallic tin, in hydro- 
chloric acid. 

The air should bo displaced fiom the vessel by a current of carbon dioxide gas, 
so as to prevent oxidation and formation of stannic salt from occurring duung the 
process of solution. The solution of metallic tm may be hastened by the addition 
of pieces of platinum foil. 

To this solution add Rochelle salt solution, and then sodium bicarbonate 
solution m excess, adding more Rochelle salt solution, if necessary, in order 
to render the solution clear. 

Dilute the solution with water tG a volume of 250 c.c., and titrate an 
aliquot part of the liquid with decinormal iodine solution ( 331 ), using starch 
( 333 ) as the indicator. 

253*94 parts by weight of iodine correspond to 189*9 parts of SnCl 2 and to 
1191 parts of Sn. 
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Estimation of Hydrogen Sulphide in Aqueous Solution by 
means of Standard Iodine Solution. 

339* When a sufficiently dilute solution of hydrogen sulphide is brought 
into contact with free iodine, th9 following reaction takes place : HaS 4* l a = 
2HI + S. Hence 111 the exact conversion of I into HI by H 2 S, 253*04 parts 
by weight of iodine react upon 34*08 parts of H 2 S. 

If the solution, in which tho H 2 S is to be estimated by the above reaction, 
contains more than 0 04 per cent, by weight of the gas, the change may not 
occur entirely according to the above equation. 

Two methods of procedure are described below : 

In the first method (34O) the hydrogen sulphide is directly titrated by 
adding the iodine solution under suitable conditions to the hydrogen sulphide 
solution until the reaction is just completed. 

In the second method (341) the iodine solution is at once added in excess 
to the hydrogen sulphide solution. The total volume of iodine solution added 
must le known. The excess of iodine is then estimated by means of thio- 
sulphate solution (332). 

The second method is usually more accurate than the first, since it prevents 
the risk of hydiogen sulphide escaping into tho air during the titration. It may 
be advantageously applied to check the icsult which has been previously obtained 
by the first method, the fiist determination being made in order to asceitain how 
far it is necessary to dilute the liquid m o.der to obtain accuiato results. 

340. Direct Titration with Standard Iodine Solution. — Prepare 
somo solution of H 2 S by passing the gas into water ; mix a measured quantity 
of this liquid with a little starch solution (333) and titrate it with decmormal 
iodine solution (331). This titration will roughly indicate the volume of iodine 
solution which is required for the oxidation of the solution of H 2 S. 

If the weight of hydrogen sulphide m the solution is greater than 0*04 
per cent., measure the rest of the solution. Then dilute it with air-free water 
until it contains less than 0*04 per cent., and titrate a measured volume of this 
solution with iodine. This titration will indicate very nearly the true amount 
of iodine solution required. But since loss of the hydrogen sulphide occurs 
both by escape into the air and by oxidation from the air during the process 
of the titration, the results will be rather too low. This error may be avoided 
by proceeding as follows : 

Introduce into a flask a volume of the iodine solution somewnat less than 
that which was required in the last titration, and add to this the volume of 
diluted hydrogen sulphide solution which was then employed. This amount 
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will destroy the colour of the iodine solution. Now add a little staich solu- 
tion, and caiofully add more iodine solution gradually from a burette until 
a permanent blue colour is just obtained. 

From the total volume of iodine solution which has been used, the amount 
of hydrogen sulphide can be calculated by means of the equation (339). 

341 . Addition of the Hydrogen Sulphide Solution to Excess of 
Standard Iodine Solution and Titration of the Excess.— Greater 
accuracy is attained by first diluting the hydrogen sulphide solution, if neces- 
sary, with recently prepared air-free water until it contains not more than 
0*04 per C3nt. of the gas (340), and then adding a measured volume rapidly 
to an excess of the standard iodine solution, the volume of which must be 
accurately known. The presence of iodine in excess is indicated by a 
permanent yellow colour remaining m the liquid after it has been stirred. 

The amount of free iodine present in the liquid is now estimated by means 
of standard sodium thiosulphate solution (332) in tho presence of starch solu- 
tion (334), and the weight of iodine required for the oxidation of the hydrogen 
sulphide may then be found by difference. From this the amount of the 
sulphide can be calculated. 


Estimation of Sulphur Dioxide, in Solution or in Combination, 
by Iodine and Thiosulphate. 

342 . Estimation of Sulphurous Acid.— If solution of sulphur dioxide 
gas is mixed with an excess of the standard iodine solution, the following 
leaction takes place: SO a 4- I 2 4 2H s O = II 2 S0 4 4* 2HI. It will be seen 
from the equation that 253’94 parts by weight of iodine correspond to 64 06 
parts of sulphur dioxide. 

The sulphurous acid solution may, if very dilute, be measured in a pipette 
and delivered below tho surface of the iodine solution. But it is usually 
necessary to guard against loss of sulphur dioxide from the solution during 
the process, and this may be prevented by weighing the solution, previously 
cooled to 5° C. in a freezing mixture, in a stoppered flask, and then quickly 
introducing it into a stoppered bottle containing the excess of iodine solution 

(33D- 

343- Ascertain by a preliminary trial the proportions in which the solution 
must be mixed with the iodine solution so as to leave a peimanent faint yellow 
coloration of iodine. 

Then introduce a slight excess of the standard iodine solution into a 
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stoppered bottle : qu ckly add the cool weighed sulphurous acid solution, 
insert the stopper, and mix the liquids by shaking. On now titrating the 
excess of iodine by sodium thiosulphate solution in the presence of starch, 
the iodine corresponding to the S 0 2 is found by difference, and the correspond- 
ing weight of S 0 2 may be calculated from the equation (342). 

344. Estimation of S 0 2 in Sulphite.— The preceding method may be 
used in the following \ ay 'or the estimation of sulphite : 

The solid sulphite in fine powder is weighed un a watch-glass and is intro- 
duced at once, without previous mixture with water, into a known volume in 
excess of decinormal iodine solution : the liquid is then w'ell stirred until the 
reaction is complete, a result wh’ch is on^y slowdy obtained with insoluble 
sulphites such as calcium sulphite. The excess of iodine is now determined 
by means of standard thiosulphate solution and starch solution (334)- 
A second similar expenment is then made, in which only a slight excess of 
decinormal iodine solution is used, as has been indicated by the first tnal, and 
the excess is titrated as before. 

The weight of S 0 2 is then calculated from the relative weights of iodine 
and of sulphur dioxide shown in the equation in paragraph 342* 


Estimation of Thiosulphate by means of Iodine, 

345 . It has been already stated that a soluble thiosulphate undergoes 
a definite chemical reaction with iodine. Hence a thiosulphate may be 
estimated by means of standard iodine solution. 

If the sodium salt, Na 2 S 2 03 . 5 H 2 0 , is used, the reaction which takes place 
is as follows : 

IKijSjOs + I 2 = Na 2 S 4 O e + 2 NaI. 

For practice in the estimation weigh out accurately about 10 grams of 
sodium thiosulphate, dissolve this in water, and make up the solution to a 
litre. Titrate 25 c.c. of this solution with standard iodine solution, as ia 
descnbed m paragraph 334 . 


Estimation of Formaldehyde by means of Standard Iodine 
and Sodium Thiosulphate Solutions. 

346. The solution of formaldehyde, known commercially as “ formalin," 
contains about 40 per cent, of formaldehyde. The formaldehyde may be 
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estimated in the solution by oxidising it to formic acid by means of iodine 
in alkaline solution : 

H.COH + H 2 0 + I 8 = 2HI + H.COOH. 

It will be seen that the disappearance of each molecule of free iodine corre- 
sponds to one molecule of formaldehyde. 

For the estimation 10 c.c. of the formalin are diluted to 400 c.c. ; 10 c.c. of 
this 1 per cent, solution are introduced into a beaker and mixed with 100 c.c. 
of decinormal iodine solution (331). Sodium hydroxide solution is then at 
once added, drop by drop, until the colour of the liquid becomes bright yellow. 
After standing for ten minutes the liquid is acidified with dilute hydrochloric acid, 
and the iodine thus liberated is titrated with decinormal sodium thiosulphate 
solution. Each c.c. of decinormal iodine solution which has disappeared m the 
oxidation of the formaldehyde corresponds to 0*0015 gram of formaldehyde. 


USE OF STANDARD SODIUM THIOSULPHATE SOLUTION 
WITH POTASSIUM IODIDE. 

347. Many substances have the po\*er of liberating iodine from a solution 
of potassium iodide. Thus free chlorine reacts upon potassium iodide solution 
in the following manner : Cl -I- KI = KC1 + I. 

Each substance liberates its chemical equivalent of iodine, which is then 
easily estimated by standard thiosulphate solution (334, 335 )* Hence the 
reaction is frequently made use of in volumetric analysis, as an mduect 
means of estimation. 

When some substances are heated with hydrochloric acid, they liberate 
a definite proportion of chlorine. Thus, when manganese dioxide is heated 
with hydrochloric acid, the following change occurs : MnO a + 4HC1 = 
Cl 2 + MnCl 2 + 2H 2 0. The chlorine, w Inch is thus evolved, may be conducted 
into potassium iodide solution, when iodine will be liberated as is described 
above. The amount of iodine liberated will be equivalent to the chlorine, 
and is therefore proportionate to the “ available oxygen ” present in the 
manganese dioxide. 


Estimation of Chlorine in Aqueous Solution by means 
of KI and Thiosulphate Solution. 

348* Mix & measured quantity of dilute chlorine solution with solution of 
potassium iodide. Take care that an excess of potassium iodide is employed ; 
this is shown by the liquid remaining brown or yellow in colour after it has been 
well mixed {Note), 
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Then determine the amount of free iodine by titration with standard 
sodium thiosulphate solution ( 334 ). 

In calculating the weight of chlorine present, it must be remembered that 
35*45 of chlorine liberate 126*92 of iodine. 

Note . — The most satisfactory way of insuring the presence of potassium iodide 
in excess is to mix the chlorine solution with the potassium iodide solution as has 
been directed above. An aliquot part of this liquid is then removed and titrated 
with the standard thiosulphato solution. Another equal volume of the liquid is 
then mixed with additional potassium iodide solution, and is titiated with the 
thiosulphate. If the two titiations yield identical results, the potassium iodide 
solution was originally present m excess. 


Estimation of Bromine in Aqueous Solution. 

349 . The bromine solution is diluted, if necessary, and is added to an excess ol 
potassium iodide solution {Note, 348 ). The iodine, which is libeiated by the 
bromine, is then titrated by standard thiosulphate solution ( 334 ) In calculating 
the weight of bromine present m the original solution, it must be lemembercd 
the 79*96 of bromine liberate 126 92 of iodine. 


Valuation of Ble \ching-powder by means of KI and 
Thiosulphate. 

350* Prepare the tuibid solution of blcaclnng-powder in the manner 
described m paiagraph 301 . After this liquid has been well mixed by shaking, 
transfer 25 c.c. of it to a 250 c.c. beaker or flask, add an excess of potassium 
iodide solution (Note, 348 ), and acidify the liquid with dilute hydrochloric 
acid. Then determine the amount of iodine, which has been liberated, by 
means of sodium thiosulphate solution and starch ( 334 ). 

Tho amount of “ available chlorine ”( 300 ) present m the bleaching-powder 
is chemically equivalent to the iodine liberated, 35*45 of chlorine corresponding 
to 126*92 of iodine. 

Other Methods of Estimating “ available chlorine ” in bleaching-powder 
are described in paragraphs 301 and 315 . 


Indirect Estimation of Manganese Dioxide by means 
of KI and Thiosulphate. 

351 . The manganese dioxide is heated with excess of hydrochloric acid, 
and chlorine gas is evolved. This gas is conducted into an excess of potassium 
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iodide solution, and the iodine which is set free is estimated by means of 
standard sodium thiosulphate and starch solutions (334). It is evident that 
87 parts of MnO a will liberate 70*9 parts of chlorine and 253*84 parts of 
iodine. 

352 * The Apparatus, which is shown in Fig. 86, will be found useful for 
carrying out the above process of estimation. It is prepared as follows s 

Jb'iu. So. 



Absorption or Evolved Cl in K1 Solution. 


Note . — This apparatus involves the use of corks, which are advantageously 
dispensed with in some forms of absorption apparatus by making them entirely 
of glass. 

A small flask or bulb-tube (a), of about GO c.c. capacity, is connected with 
a tube (b) by means of a black rubber joint, within which the glass tubes are 
brought into contact with one another. 

Upon the end of b is fused a thinner tube (c), which is bent as is shown in 
the figure, and is fitted to the bulbed U-tube ( d ) by means of a rubber cork. 
This apparatus will be found sufficient for ordinary purposes. But in the 
figure an additional plain U-tube (e) is shown, which may be used as a guard- 
tube to prevont the escape of any trace of chlorine. These U -tubes are kept 
cool by immersing them in cold water contained in a beaker. 

A plain bent glass tube of the same diameter throughout as the neck of the flask 
may replace the tubes ( b ) and (c). The rubber corks and couuections, which are 
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used in fitting up this apparatus, should have been pieviously freed from sulphur 
by boiling them in sodium hydrate solution. 

353. The Estimation is carried out as follows : Weigh out accurately 
about half a gram of finely powdered manganese dioxide into the flask (a). 
Half fill the bulbs of the U-tube (d) with strong potassium iodide solution. 
If the second U-tube ( e ) is also used, pour into it sufficient potassium iodide 
solution to fill the bend. Ascertain that the apparatus is air-tight, and then 
add about 20 c.c. of strong hydrochloric acid to the manganese oxide m the 
flask. 

It will be found convenient to introduce a small piece of magnesite with 
the manganese oxide. On the addition of the acid a regular stream of carbon 
dioxide gas will then flow through the U -tubes with the chlorine, and this will 
dilute the chlorine and render the absorption less violent. 

Now heat the flask gently by means of a small flame : and as soon as the 
manganese dioxide is completely dissolved, boil the acid until all the chlorine 
has been expelled. 

As soon as all the chlorine has passed into the absorption-tubes, pour out 
the contents of the first U-tube into a beaker, and rinse out the tube also into 
the beaker. If the potassium iodide solution in the second U-tubo is yellow, 
the chlorine has not been completely absorbed by the first tube : the contents 
of the second tube must therefore also be transferred to the beaker. This liquid 
is well mixed, and is then measured, and the free iodine in two measured por- 
tions is at once titrated by means of standard sodium thiosulphate solution 
and starch ( 334 ). 

The weight of iodine thus found in the whole liquid is a measure of the 
chlorine which has been liberated by the manganese dioxide, and two atoms 
of chlorine coriespond to one molecule of MnO a as has been already ex- 
plained. 


Indirect Estimation op Chromate by means op KI and Thiosulphate. 

354 . When potassium dichromate is heated with strong hydrochloric acid, the 
following reaction takes place : 

K,Cr a 0 7 + 14HC1 - 3C1, + 2CrCl, + 2KC1 + 7H,0. 

Accordingly the process which has been already described ( 35 l~ 353 )for the 
estimation of Mn0 2 may also be appl^d to the estimation of chromate. It will be 
seen that 294 5 of Kfir 3 0 7 yield 212 7 of chlorine, and will therefore correspond 
to 761*82 parts of iodine liberated. Hence, when the amount of iodine liberated 
has been estimated by sodium thiosulphate solution, the amount of chromate may 
be calculated. 
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Indirect Estimation of Chlorate, Bromate, or Iodate by 

MEANS OF KI AND THIOSULPHATE. 

355 . Distillation Method, — When a chlorate is heated with excess of 
strong hydrochloric acid, a mixture of chlorine with oxides of chlorine is 
evolved. This mixture sets freo an amount of iodine from potassium iodide 
which is equivalent to the total weight of oxygen present in the chlorate. 

Hence the above method ( 35 1 — 353 ) of liberating iodine from potassium 
iodide, and titrating it with thiosulphate and starch solutions, may be used 
for the estimation of chlorate. 

The acid-radicle of a chlorate (C10 3 ) liberates, under the above conditions, 
six atoms of iodine 122 C parts by weight of KC10 3 will therefore liberate 
120 92 x 6 = 701 52 parts of iodine. 

The corresponding acid-radielo of a bromate (Bi 0 3 ) or of an iodate (I0 3 ) 
liberates only four atoms = 507 08 parts of iodine, since iodous and bromous 
chlorides remain in the flask. 

These data suffice for calculating the weight of chlorate, bromate, or iodate 
present, from the result obtained by titrating the iodine which it can liberate. 

356 . Digestion Method — A simpler method of estimation depends upon tho 
fact that some substances may bo estimated bv tho amount of iodine which they 
liberate, when they are simply digested with strong hydrochloric acid and potas- 
sium iodide. This process is specially suitable for the estimation of bromate and 
of iodate, and is carried out as follows • 

Select a 120 c c bottle, which is fitted with an accurately ground stopper 
Test whether the stopper is an -tight by completely immersing the tightly stoppered 
bottle m hot water : no air-bubbles should escape between the neck and the 
stopper. If tho stopper is not air-tight, gund it into the neck with veiy fine 
emery-powder and water untd it satisfactorily stands the above test. 

Now weigh out from 0 2 to 0 5 gram of the substance into tho bottle, add the 
requisite excess of strong hydrochloric acid and of potassium iodide solution, 
fasten the stopper down by means of copper binding-wire, and heat the bottle in 
the water-bath. As soon as the decomposition is complete, withdraw the bottle 
from the bath and allow it to cool Then empty the contents into a beaker, diluto 
tho liquid with water, and titrate the free iodine with sodium thiosulphate solution 
and starch ( 334 ) 

In this piocess six atoms of iodine are liberated by (C10 3 ), (Br0 3 ), and (I0 3 ). 


Indirect Estimation of Copfer in Solution by means 
of KI and Thiosulphate. 

357* The process of estimation depends upon the following reaction: 
2CuSOj + 4KI = Ciijlj + 1} + 2K 2 S0 4 , 

The potassium iodide is added in excess to the copper solution, and the 
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liquids are thoroughly mixed. The amount of free iodine in the solution is 
then titrated by standard sodium thiosulphate solution and starch ( 334 ). 
The amount of iodine which is found by titration will bo proportional to the 
amount of copper which was originally present m solution, as is shown by ths 
above equation. 

In order that the result may be accurate, the copper solution must contain 
no free acid except acetic acid. To secure this, sodium carbonate solution is 
added to the copper solution until a slight permanent precipitate remains : 
and this precipitate is then removed by the careful addition of acetic acid. 

It is also necessary that the copper solution shall be fairly concentrated, 
else the reaction is not complete. About 0*5 gram of Cu should be present 
in the solution which is used for each titration. The amount of KI used 
should be ten times that of the copper present in order to secure satisfactory 
results. 



PART III.— SECTION VIII. 

UNCLASSED VOLUMETBIC ESTIMATIONS, 


Estimation of Silver by Standard Sodtum Chloride Solution. 

370. When solution of silver nitrate is mixed with solution of sodium 
chloride, the silver is precipitated as the white insoluble chlonde according 
to the following equation : 

AgN0 3 + NaCl = AgCl + NaN0 3 . 

A similar reaction occurs with any soluble silver salt. 

Accordingly the amount of silver present in a solution may be volumetric 
cally estimated by exactly precipitating a known volume of NaCI solution of 
known strength by means of the silver solution. 

The most convenient method of judging precisely the end of the reaction 
consists in adding a few drops of potassium chromate solution to the chloride 
solution (37I)* Dark red silver chromate will then be formed as soon as the 
silver salt has been added m slight excess. 

Tho method of procedure will be different when the silver solution contains 
free acid, since free acid interferes with or pi events the formation of silver 
chiomato ( 372 )* 

371. Estimation of Silver in Neutral Solution.— As has been stated 
above, a fow drops of neutral potassium chromate solution aie added to a 
known volume of standaid sodium chloride so ution befoie the silver solution 
is allowed to flow m. The presence of the slightest excess of silver solution, 
after tho precipitation of chloride is complete, is then indicated by a perma- 
nent red colour remaining in the turbid liquid after it has been well mixed. 

Process of Estimation . — Prepare a decinormal solution of NaCI, by dissolv- 
58*5 

ing - jQ— = 5*85 grams of NaCI in water, and diluting the solution to a 
litre. 

Measure 10 o.c. of tho above solution into a porcelain dish, dilute it with 
a little water, and add three drops of neutral potassium chromate solution. 
Measure accurately the volume of the well-mixed silver solution which is 
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to be titrated, and then charge a 50 c.c. burette with the liquid. Now add 
the silver solution from the burette, with constant stirring, until a faint 
permanent red tint remains in the liquid in the dish. 

It is well to assist the eye in detecting this tint by adding to sodium 
chloride solution and chromate, m a second similar dish, sufficient silver 
solution to produce a faint but permanent red tint. This dish should stand 
beside the first during the process of titration. The appearance of the 
slightest permanent red tint in the first dish is then easily seen by comparing 
the colours of the contents of the two dishes. 

Since each c.c. of the NaCl solution corresponds to 0’010793 gram of silver, 
the amount of silver present in the liquid which has been added from 
the burette is easily calculated. From this result the amount of silver in the 
whole solution may then be found. 

37 2. Estimation of Silver in Acid Solution. — Since silver chromate 
cannot be precipitated from an acid solution, the precipitation of this com- 
pound cannot be used as the indication of the completion of the process of 
titration, when silver is to be estimated m an acid solution. 

The precipitation of the whole of the silver from solution is, however, 
known to have taken place when no turbidity is formed by the further addition 
of the chloride solution. This method of judging tho end of tho reaction is 
possible, since silver chloride is insoluble in solutions containing a little free 
nitric acid, and it quickly subsides, leaving a clear supernatant liquid, after 
the solution has been vigorously shaken. 

Decinormal sodium chloride solution is usually employed for this estima- 
tion. It is added to the silver solution, which has been acidified with nitrio 
acid, and the liquid is vigorously shaken. Towards the end of the precipita- 
tion, the sodium chloride 13 added drop by drop until no further precipitate 
appears on the addition of the last drop. In cases where great accuracy is 
required, centinormal sodium chlonde solution may be used towards the end 
of the process. 

Process of Estimation . — Weigh out accurately about 0*3 gram of pure 
recrystallised silver mtrate into a well-stoppered 200 c.c. bottle. Add about 
100 c.c. of water, and a few drops of strong nitric acid. Cover the bottle 
during the titration with black velvet or cloth to prevent access of light. 
Then add nearly the total requisite quantity of decinormal sodium chloride 
solution, about 20 c.c., and shake the bottle vigorously until the silver chloride 
precipitate is clotted together. Tap the bottle on the bench to cause any 
floating precipitate to subside. 

Now drop in a little more sodium chloride solution. If the clear super- 

13 
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natant liquid becomes turbid, add more sodium chloride solution cautiously, 
taking care to shake the bottle well after each addition. Continue this 
procedure until no further turbidity appears after the addition of the last 
drop of the chloride solution. 

When the point of complete precipitation has been nearly reached, the 
preoipitate will be found to subside slowly : but as soon as a drop of sodium 
chloride has been added in excess the liquid clears more rapidly. This indica- 
tion of the presence of excess of chloride solution is often valuable. 

Since eaoh c.c. of the decinormal sodium chloride solution corresponds 
to 0010793 gram of silver, the percentage of silver in the salt is readily 
calculated. 


Estimation op Chloride, Bromide or Iodide in Solution by 
Standard Silver Nitrate. 

373. The processes for the estimation of silver by standard sodium chloride 
solution ( 371 , 372 ) also serve for the estimation of a chloride, bromide or iodide 
in solution by standard silver nitrate solution. 

The amount of chloride in neutral solution may be readily estimated by 
adding a few drops of potassium chromate solution to serve as an indicator, 
and then titrating the liquid with decinormal silver nitrate solution. 

Decinormal silver nitrate solution is made by dissolving 16*994 grams 
of AgNO s in water and diluting to a litre : each c.c. of this solution 
corresponds to 0*003545 gram of CL 

If the solution of chloride contains free acid, the acid may be exactly 
neutralised by means of pure sodium hydrate solution, and the chloride may 
then be titrated in the usual way (371 ). Or the neutralisation and the indicator 
may be dispensed with, and the chloride solution may be added from a burette 
to a measured volume of the standard AgN0 3 solution, the procedure being 
similar to that already described in paragraph 372 - 


Estimation of Cyanide by means op Standard Silver 
Nitrate Solution. 

374 . The hydrocyanic acid, or soluble cyanide, is rendered alkaline by the 
addition of potassium hydrate solution in excess, and standard solution of 
silver nitrate is added. As soon as the silver solution is present m excess, 
a precipitate of silver cyanide is formed- 
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During this reaction a soluble double cyanide of silver and potassium is 
produoed at first and therefore no precipitate is formed : 

2KCN + AgNO s = KCN.AgCN + KNO a . 

But as soon as the silver solution has been added in quantity more than 
sufficient for the formation of the double cyanide, a precipitate of silver cyanide 
is produced : 

KCN.AgCN + AgN0 3 = 2AgCN + KN0 3 . 

The first appearance of this precipitate, therefore, serves to indicate the end 
of the first stage of the reaction referred to above. 

At the conclusion of the first stage of the reaction, each c.o. of decinormal 
AgN0 3 solution which has been added will correspond to 0*013032 gram of 
KCN. 

The solution in which the cyanide is to be estimated should be largely 
diluted with water before it is titrated. 

A solution of cyanide containing free ammonia — such as the cyanide solution 
which has been used for gold extraction — may be mixed with a few drops of potas- 
sium iodide solution The first drop of silver solution which is added in excess 
of that required by the first reaction will then produce a precipitate of yellow 
silver iodide, showing that the reaction is complete. 

If the amount of hydrocyanic acid present in solution is to be estimated 
by this process, the acid should be neutralised by quickly mixing it with excess 
of potassium hydrate solution in a beaker, so as to prevent loss of the volatile 
acid. The amount of potassium hydrate solution which is added should 
correspond as nearly as possible to that necessary for converting the acid 
into KCN. 

In order to prevent the inhalation of poisonous vapour, the solution of 
hydrocyanic acid should be weighed instead of being measured by sucking 
it up into a pipette. 

Dilute hydrocyanic acid may be measured in a pipette, if a plug of cotton-wool 
moistened with silver nitrate solution is pushed into the upper end of the pipette, 
since this liquid absorbs the vapour of the acid and prevents it from being inhaled. 

For practice in the estimation use commercial potassium cyanide. Weigh 
accurately about 1 gram of the solid cyanide, dissolve it in 250 c c. of cold 
writer, and use 25 c.c. of this solution for the titration. No potassium hydrate 
solution need be added to this solution, since the commercial salt is always 
alkaline. Add decinormal AgN0 3 solution until a very slight permanent 
precipitate appears. Then calculate the amount of KCN present, on the 
assumption that each c.c. of the silver solution added indicates the piesence 
of 0*013032 gram of KCN. 



196 


VOLUMETRIC ANALYSIS. 


[375, 


Estimation of Silver by Potassium Thiocyanate Solution. 

375* When a solution of silver in nitric acid is mixed with a sufficient 
amount of solution oi potassium thiocyanate, the silver is precipitated as 
white silver thiocyanate: AgN0 3 + KCNS = AgCNS + KN0 3 ; and if a 
few drops of ferric sulphate have been previously added to the silver solution, 
the presence of thiocyanate in the slightest excess wi 1 be indicated by the 
formation of a distinct and permanent red coloration of ferric thiocyanate. 

These reactions may be utilised for estimating the proportion of silver 
present in silver alloys which have been dissolved in nitiic acid. 

The following solutions will be required } 

169 97 

(a) Dectnormal Siver Nitrate Solution , prepared by dissolving — = 

16*997 grams of AgN0 3 in water, and diluting to a litre. 

(b) Approximately Decmormal Potassium or Ammonium Thiocyanate 
Solution . — As both the above salts are hygroscopic and are decomposed by 
heat, about 10 grams of the salt are dissolved in water, and this solution 
is then diluted to a litre and standard sed by titration with the silver 
solution (a). 

(c) Ferric Sulphate Solution, prepared by adding strong nitric acid to a 
strong solution of ferrous sulphate and boiling until oxides of nitrogen are no 
longer evolved. 

The Standardisation of the Thiocyanate Solution is effected by 
placing 20 c.c. of the silver solution (a) in a beaker, diluting it with water to 
about 100 c.c. and adding a few c.c. oi dilute nitric acid ; 1 c.c. of the iron 
solution (c) is then added to serve as an indicator, and the thiocyanate 
solution (b) is allowed to flow in from a burette, with constant stirring, until 
the red coloration of the liquid becomes permanent. Prom the volume of 
the solution required, its strength is then calculated. 

For Practice in the Estimation the proportion of silver in any silver 
alloy, such as a silver coin, may be determined. Any other silver alloy may 
be used if none of the other metals present strongly colour the nitric acid 
solution. 

Weigh out accurately about 0*3 gram of the silver alloy, dissolve this 
in nitric acid of 1*2 specific gravity, boil until no more nitrous fumes are 
evolved, and dilute the solution to 100 c.c. with water. Now add 1 c.c. of the 
ferrio solution (c) as an indicator, and allow the standard thiocyanate solution 
(b) to flow in from a burette until a permanent faint red tint is produced. 
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Indirect Estimation of Chlorine in a Soluble Chloride by 
Thiocyanate Solution. 

376 . The solution of chloride is mixed with excess of decinormal silver 
nitrate solution, and the excess is estimated by standard thiocyanate solution 
as has been described in paragraph 375 * From the amount of silver pre- 
cipitated by the chloride, the percentage of chlorine present as chloride is 
calculated. 


Estimation of Copper in Solution by means of Potassium 
Cyanide Solution. 

377* When an ammoniacal solution containing copper is brought into 
contact with a solution of potassium cyanide, it is decolorised. On this fact, 
a process for the volumetric determination of copper in solution is based. 

Sines the reaction is influenced by the quantities of copper, of free am- 
monia and of ammonium salts which are present, care must be taken that 
the amounts of these substances shall be approximately the same in every 
estimation. 

A standard solut’on of the copper salt is first prepared by dissolving 5 
gi ams of pure electrolytic copper m moderately strong n trie acid. The solu- 
tion is evaporated to dryness on the water- bath to expel the excess of acid ; 
the residue of copper nitrate is then dissolve 1 in water, and the solution is 
made up to a litre. 

A moderately strong solution of potassium cyanide is now poured into a 
burette. 20 c.c. of the copper solution, which correspond to 0*1 gram of Cu, 
are measured into a beaker, and 10 c.c. of ammonium hydrate solution of 0*9 
specific gravity are added. The potassium cyanide solution is then added 
to the copper solution, until the full blue colour disappears and only a very 
pale lavender tint remains. The end of the reaction is marked with greater 
precision by the appearance of this tint than by the total removal of the colour. 

When the copper value of the potassium cyanide solution has been thus 
determined, the solution should be diluted until 20 c.c. correspond to 20 c.c. 
of the copper solution. Each c.c. of the potassium cyanide solution is then 
equivalent to 0 005 gram of copper. 

For practice in this method, weigh out accurately about 10 giams of pure 
crystallised copper sulphate, CuS0 4 .5H 2 0. Dissolve this, and make up the 
solution to half a litre with water, 'fake out 20 c c. for the titration. Add 
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to this 10 c.o. of ammonium hydrate solution of 0*9 specific gravity ; and 
allow the potassium cyanide solution to flow in from the burette until only 
the very pale lavender tint remains. 

From the volume of the standard potassium cyanide solution which is 
required, the weight of copper present and its percentage proportion in the 
substance are readily calculated. 


Estimation of Zinc in Ammoniacal Solution by Ferrocyanidb 
or by Sodium Sulphide Solution. 

378. Estimation by Ferrocyanide Solution.— When sufficient potas- 
sium ferrocyanide solution is added to an acid solution of zinc, the zinc is 
completely precipitated as double ferrocyanide. In using this reaction 
volumetncally, the completion of the titration may be indicated by the brown 
olour produced when the slightest excess of the soluble ferrocyanide is brought 
into contact with solution of uranium acetate. 

The following solutions are required for the process : 

(a) Standard Ferrocyanide Solution is made by dissolving about 45 grams of 
pure potassium ferrocyanide in water and making the solution up to a litie : each 
c.c. of this solution will correspond approximately to 0*01 gram of zinc, its 
exact strength being later on detei mined by titration with the zinc solution. 

(b) The Standard Zinc Solution is prepared by dissolving 2*5 grams of pure 
zinc in a 1 ttle hydrochloric acid which has been diluted with its own volume 
of water, carefully avoiding loss by spirting (66) : this solution is then made 
up to 250 c.c. An alternative method consists in dissolving 10 97 grams 
of pure ZnS0 4 .7H 2 0 crystals in water and making the solution up to 250 c.c. 
Each c.c. of this solution contains 0 01 gram of zinc. 

(c) Uranium Acetate in saturated solution. 

Standardise the Ferrocyanide Solution (a) by introducing 25 c.c. of the zinc, 
solution (b) into a beaker of about 400 c.c. capacity, adding 10 c.c. of strong 
hydrochloric acid and 5 grams of solid AmCl, diluting to 250 c.c. and heating 
to about 38° C. Then add the ferrocyanide solution gradually from a burette, 
with constant stirring, until a brown coloration just appears w hen the liquid 
is mixed with a drop of the uramum acetate solution on a white porcelain 
plate. As the precipitation of the zinc is not immediate, it is necessary to 
continue the stirring of the solution for a minute or two and then test again 
with the indicator, more ferrocyanide solution being added, if necessary 
until the brown coloration w ith the uranium solution persists. 
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From the volume of ferrooyamde solution required, its precise zinc- value 
may then be calculated. 

The Proceed of Estimation of zinc is carried out precisely as is described 
under the above titration of the ferrocyamde solution, and the amount of free 
hydrochloric present as well as the temperature of the liquid should corre- 
spond generally to the directions there given, else chlorine might be liberated 
and cause the liquid to become greenish yellow in colour. 

It is evident that the estimation of zinc by this process cannot be made, 
if metals which form ferrocyamdes insoluble in hydrochloric acid are present 
in solution. 

379 . Estimation by Sodium Sulphide Solution.— When an ammoniacal 
solution of a zinc compound is mixed with sodium sulphide solution, the zinc 
is precipitated as sulphide: ZnS0 4 + Na a S — ZnS -fNa a S0 4 . The presence 
of excess of sodium sulphide may be readily detected by the brown precipitate 
which it forms m an alkaline solution of a lead salt. The lead solution is 
therefore used as an indicator of the completion of the titration. 

The following solutions are required s 

Sodium Sulphide Solution . — Hydrogen sulphide is passed into a moderately 
strong solution of sodium hydrate, until the liquid smells strongly of the gas. 
Sodium hydrate solution is then added in quantity sufficient to remove 
the odour of the gas. This solution is suitably diluted, and is used for the 
titration. 

Alkaline Solution of Lead . — Lead acetate solution is heated with a mixture 
of tartaric acid solution and excess of sodium hydrate. Neutral sodium 
tartrate solution may be substituted for the mixture of tartaric acid with 
sodium hydrate. As soon as the lead solution becomes clear, the heating is 
stopped, and the liquid is ready for use. 

Standard Solution of Zinc Sulphate, made as directed in paragraph 378 * 

The Process of Titration . — Transfer 25 c.c. of the zinc solution to a beaker. 
Then dissolve some ammonium carbonate in five times its weight of water, and 
mix this with three times its volume of dilute ammonium hydrate solution, 
prepared by mixing strong ammonium hydrate solution with three times its 
volume of water. Add this reagent to the zinc solution until the precipitate, 
which forms at first, is just redissolved. 

Lay a piece of filter-paper upon a white tile and place upon it at intervals 
separate drops of the alkaline lead solution by means of a glass rod. 

Now add the solution of sodium sulphide to the zinc solution with constant 
stirring. From time to time allow a drop of the liquid to fall from the stirring- 




200 VOLUMETRIC ANALYSIS. [380, 

rod upon the filter-paper, so close to a drop of the lead solution that it will 
expand and join it. In this way the precipitate is filtered off from the drop, 
and the liquid, in which the ZnS was suspended, alone comes into contact 
with the lead solution. The lead solution is blackened by contact with the 
moist ZnS, and the above precaution is therefore necessary. 

As soon as a dark line is produced by the contact of the two liquids upon 
the paper, the precipitation of the Zn is complete. A little experience renders 
it possible to judge the end of the reaction with great precision. 

The sodium sulphide solution, which has been prepared as is directed above, 
will probably be shown by this titration to be too strong. It must be diluted, 
if necessary, with air-free water until from 15 to 20 c.c. of the solution are 
required to precipitate 25 c.c. of the zinc solution. 

When zinc is to be estimated in a solution by this method, an aliquot part 
of the solution is rendered ammoniacal, as has been already described, and it 
is then titrated with the sodium sulphide solution in the manner just stated. 


Estimation of P 2 0 5 in Soluble Phosphates by means of 
Uranium Solution. 

380 . This process depends upon the fact, that when solution of uranium 
nitrate or of uranium acetate and solution of a phosphate are mixed together, 
in the presence of an alkaline acetate and free acetic acid, the whole of the 
phosphate is thrown down as uranium phosphate. 

In carrying out the process volumetrically, the uranium solution is usually 
added from a burette to the solution of the phosphate, and the presence of an 
excess of the uranium solution is detected by the formation of a brown precipi- 
tate of uranium ferrocyanide, when a drop of the mixed liquids is brought into 
contact with a drop of freshly prepared potassium ferrocyanide solution. 

The following solutions are required : 

Standard Solution of Uranium Nitrate . — Weigh out roughly 35 grams of crys- 
tallised uranium nitrate [U0 2 (N0 3 ) 2 .6H 2 0], or 29 grams of uranium acetate 
[U0 2 (C 2 H 3 02)2 2H 2 0], add 25 c c. of g’acial acetic acid, dissolve the salt in 
water, and dilute the solution to a litre. 

Standard Sodium Phosphate Solution . — Weigh out accurately 10*085 grams 
of the pure, recrystalhsed, non-effloresced salt, Na 2 HP0 4 .12H 2 0. Dissolve 
this in w’ater and dilute the solution to a litre. 50 c.c. of this solution 
correspond to 0*1 gram of P 2 0 5 . 

A Solution of Sodium Acetate containma Acetic Acid . — This solution is 
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prepared by dissolving 100 grams of sodium acetate in water, adding 100 c.c. 
of acetic acid of about 1*04 specific gravity, and diluting the liquid to a 1 tre. 

A Solution of ’Potassium Ferrocyanide , which must be freshly prepared. 

381 . The Process of Titration . — Add to 50 c.c. of the sodium phosphate 
solution 5 c.c. of the sodium acetate solution, and heat the liquid to 90° C. 
by placing the beaker upon a hot plate or on a water-bath. Now add the 
uranium solution from a burette, until a drop of the well-mixed liquids, when 
it is brought into contact with a drop of potassium ferrocyanide solution, gives 
a faint reddish brown coloration. 

Heat the liquid once more to 90° C., and test a drop again with ferrocyanide. 
If the brown coloration still appears, the titration has been completed. If, 
however, no coloration appears, continue to add the uranium solution, until 
the brown colour is produced with the ferrocyanide after the liquid has stood 
for some time. 

The uranium solution should now be diluted until 50 c.c. of the phosphate 
solution require 20 c.c. of the uranium solution. Each c.c. of the uranium 
solution will then correspond to 0*005 gram of P 2 0 5 . 

In the final titration it is best to add nearly the whole of the uranium 
solution rapidly, and to finish the titration by gradually and cautiously adding 
the remainder. 

The uranium solution must be titrated by a special method, if it is to be used 
for the estimation of calcium phosphate or magnesium phosphate in acid solution 
082 ). 

The above procedure indicates the method of estimation of phosphate in 
aqueous solution. 

382 . Estimation of Calcium and Magnesium Phosphates.— -These 
phosphates cannot be correctly estimated by uranium solution, which has been 
standardised by means of sodium phosphate solution. The uranium solution, 
which is used for the estimation of P 2 0 5 in either of these phosphates, must 
be standardised by a solution which contains 5 grams per litre of tncalcium 
phosphate instead of by the sodium phosphate solution. 

Before this solution is prepared the purity of the tricalcium phosphate 
must be tested as follows : Weigh out accurately about 0*25 gram of pure 
commercial calcium phosphate. Dissolve this in a small quantity of nitric 
acid, add a large excess of ammonium molybdate solution ( 520 ), and allow 
the liquid to stand m a warm place for several hours. The process of precipita- 
tion must be proved to be complete by warming some of the clear liquid with 
more molybdate solution. Dissolve the precipitate thus produced in ammo- 
nium hydrate solution, and estimate the P : 0 5 as Mg 2 P*0 7 (l 66 ). From this 
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result, the amount of pure Ca 3 (P0 4 ) 3 in the commercial phosphate can be 
calculated. 

Now weigh out a quantity of the commercial phosphate, which contains 
5 grams of pure Ca a (P0 4 ) 1 . Dissolve this in a slight excess of dilute HC1, and 
dilute the solution to a litre. Mix 50 c.c. of this solution in a beaker with 5 c.c. 
of the sodium acetate solution, and add the uranium solution to the cold liquid 
until the final point is nearly reached ; then heat to 90° C. and complete the 
titration ( 381 ). 

Note — If the phosphate solution is heated at the beginning of the titration, 
calcium or magnesium phosphate may be precipitated, and it is then redissolved 
m acetic acid only with much difficulty. 

From the result of this titration the phosphate-value of the uranium solu- 
tion, when it is applied to the estimation of calcium or magnesium phosphate, 
may be determined. 

383 . Estimation of Phosphates of Unknown Composition. — A sub- 
stance of unknown composition, in which phosphate is to be estimated by 
standard uranium solution, must first be subjected to qualitative analysis 
The conditions which are specified in paragraphs 381 , 382 with respect to 
the process of titration must then be observed. 



PART IY. 


GENERAL QUANTITATIVE 
ANALYSIS 


Introductory. — Tho student who has worked according to the directions 
given in the preceding pages will have gained experience in many ordinary 
processes of simple gravimetric and volumetric analysis, and will bo in a 
position to understand and perform more complicated analyses. 

Some analyses are accordingly described m this part of tho book, most 
of which involve quantitative separations. The processes which are made 
use of are either gravimetric or volumetric, each method being selected on 
account of its special suitability. Most of the processes which are described 
are those actually in use for technical, manufacturing, and agricultural pur- 
poses ; others serve for the examination of articles of food and drink. Most 
of these analytical processes are also sm table for determinations required for 
purely scientific purposes ; those described under Organic Analysis are more 
especially of this nature. 

Some of the methods afford a complete quantitative chemical examination 
of the substance under examination : in other cases the process^ is simply an 
“ assay ” or “ valuation ” of the material, which furnishes as a result only 
the percentage of some clement upon which the value of the ore or material 
depends. 

When several constituents are to be estimated m a substance, time may 
frequently be economised by weighing out separate portions of the substance 
for each estimation. It will be understood that this procedure will frequently 
entail the preliminary separation and rejection of certain constituents, under 
the scheme of analysis given m the text, before the particular constituent 
can be estimated. 

The process of calculation may also be facilitated by weighing out a suitable 
quantity of substance for the estimation : thus if the “ factor quantity.” 
that is 0*4702 gram of iron, is used for the estimation of Si (536), the weight of 
Si found when multiplied by 10 gives the percentage of Si present m the iron 

A list of books of reference from which fuller information on special subjects 
may be obtained, and a list of journals which describe new analytical methods, 
will be found in paragraph 1021. 
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PAET IV -SECTION IX. 

ANALYSIS, VALUATION AND ASSAY OP ALLOYS, ONES, 
MINERALS, IRON AND STEEL, COAL, &e. 

Estimation of Silver and Copper in a Silver-copper Alloy. 

Two methods of estimation are here described, one of which is volumetric 
and the other gravimetric. It may be stated that English silver coinage 
contains 92*5 per cent, of silver and 7*5 of copper. 

396. Volumetric Method. — Weigh accurately a threepenny piece, or 
about 1 gram of clippings or turnings obtained from a silver-copper alloy. 
Introduce the alloy into a small flask, and place a small funnel m the neck 
of the flask (66). Pour a few c c. of strong nitric acid and then a little water 
through the funnel into the flask. A violent reaction will ensue. As soon 
as this ceases, heat the flask on the water-bath, adding a little more mtrio 
acid, if necessary, to complete the solution of the metal. 

Now heat the solution in an evaporating- dish on the water-bath, until 
most of the free acid has been expelled. Then add water and make up the 
solution to 200 c.c. with distilled water. 

Estimation of the Silver . — Measure 20 c.c. of this solution into a well- 
stoppered bottle, add decinormal sodium chloride solution gradually from 
a burette, and shake the liquid in the bottle vigorously. The standard 
solution must be added until no further precipitate is produced in the clear 
liquid in the bottle by the addition of the last drop of the sodium chloride 
solution (372). 

Each c.c. of the sodium chloride solution corresponds to 0*01079 gram 
of silver, hence the percentage weight of silver in the coin is readily calculated 
from the result of the titration. 

Another method of estimation is described in paragraph 375* 

Estimation of the Copper . — Measure 50 c.c. of the solution of the alloy into 
a beaker, add excess of sodium chloride solution and filter off and w ash the 
silver chloride precipitate. Add to the filtrate and washings 20 c.c. of ammo- 
nium hydrate solution of 0*93 specific gravity, and estimate the copper in this 
liquid by titration with standaid potassium cyanide solution (377)* 

201 
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An alternative method for estimating the copper is that effected by means 
of potassium iodide and sodium thiosulphate solution (357)* 

397 . Gravimetric Method. — Weigh accurately half a threepenny-piece, 
or about 0*5 gram of the clippings or turnings from a silver-copper alloy. 
Dissolve this in nitric acid, and expel most of the free acid by evaporation. 

Estimation of the Silver . — Add to this solution an excess of sodium chloride 
solution. Boil the liquid, and filter off, wash, and weigh the precipitated 
silver chloride ( 149 ). 

Estimation of the Copper. — Heat the filtrate and washings from the silver 
chloride to boiling, and add a slight excess of potassium hydrate solution. 
Then filter off and weigh the copper oxide thus precipitated (126)- 

The thiocyanate method of estimation ( 408 ) may be substituted with 
advantage for the above method. 


Indirect Estimation of Arsenic in Ores by Thiocyanate. 

398 . In the following method the arsenic is converted into alkaline arsenate 
by fusion with alkaline carbonate and nitrate : the solution of arsenato is 
then precipitated by an excees ot silver nitrate solution, and the silver in the 
silver arsenate is titrated by thiocyanate solution (375)* It is evident that 
the ore must contain no phosphorus, since this would be estimated as arsenio 
by this process. 

From 0*1 to 1*0 gram of the finely powdered ore is fused with ten times 
its weight of a mixture in equal proportions of Na 2 C0 3 and KN0 3 , in a 
porcelain or copper crucible, taking care that a layer of the alkaline salts 
covers the mixture. The cold mass is extracted with boiling water, and the 
insoluble matter is filtered off. The filtrate is then acidified with dilute 
nitric acid and is boiled to expel carbon dioxide and nitrogen oxides. The solu- 
tion is now made just alkaline by the addition of ammonia and is boiled again 
and filtered from any slight precipitate which may have been produced. 

This solution is made just acid by adding dilute nitric acid, and silver 
nitrate solution is added in quantity more than sufficient to precipitate the 
arsenate : 2 grams of solid sodium acetate are now introduced and the liquid 
is well stirred. 

The silver arsenate is allowed to settle, and is filtered off and washed 
with cold water. It is then placed, while wet and in the filter-paper, m a 
beaker, and is dissolved in a small quantity of nitric acid which has been 
diluted with three times its VQlume of water. 1 c.c. of the ferric sulphate 
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solution ( 375 , c) are then added, the liquid is diluted to about 100 c.c., and 
the silver is titrated by the standard thiocyanate solution ( 375 , b). 


Valuation of Iron-o:vb, 

399 . The valuation of an iron-ore has been described in paragraphs 314 
and 321 - 323 , but the procedure described below is that best suited to 
give a rapid result when many ores are under examination. It has been 
already stated ( 316 ) that a solution of iron containing hydrochloric acid 
cannot be correctly estimated under ordinary conditions by standard 
permanganate. By the procedure described below, however, the titration 
of iron with permanganate in hydrochloric acid solution furnishes accurate 
results ; and this is important m the quick assay of iron-ore, since the iron 
is usui 11 y much more rapidly extracted from the ore by means of hydrochloric 
acid than by sulphuric acid, and the solution is more rapidly titrated by 
permanganate than by dichromate. 

The modification of the ordinary procedure consists in determining the 
value of the permanganate solution by means of iron solution, under precisely 
similar conditions to those under which the acid iron solution of the ore is 
subsequently titrated by the permanganate. The liberation of chlorine from 
the hydrochloric acid by the action of the permanganate is minimised by 
properly diluting the solution and by adding manganese sulphate : while the 
masking effect of the bright yellow colour of the ferric chloride upon the pink 
permanganate coloration at the conclusion of the titration is prevented by 
the addition of phosphoric acid, which converts the ferric chloride into colour- 
less ferrio phosphate. 

The solutions required are the following j 

(a) Standard Potassium Permanganate , prepared by dissolving from 4 to 5 
grams of the crystals in water and diluting this solution to a litre ( 317 ). 

(b) Phosphoric and Manganous Solution . — 50 grams of crystallised manga- 
nous sulphate are dissolved in about 250 c.c. of water, adding a few drops of 
sulphuric acid if necessary: 250 c.c. of phosphoric acid solution of 1*3 specific 
gravity are added, together with 150 c.c. of water and 100 c.c, of strong 
sulphuric acid. 

(c) Stannous Chloride Solution is made by dissolving 30 grams of pure 
granulated tin in 125 c.c. of strong hydrochloric acid, and diluting with water 
to 250 c.c. : this is filtered through asbestos, and the filtrate is mixed with 
250 c.c. of strong hydrochloric acid and 500 c.c. of water. 

(d) Mercuric Chloride Solution.— 50 grams are dissolved in a litre of water 
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To Standardise the Permanganate Solution weigh off exactly 2*5 grams 
of pure iron wire, containing 99*7 per cent, of iron, and dissolve this in a 
small quantity of strong HC1 in a 250 c.c. flask : then cool the solution and 
dilute it to the 250 c.c. mark on the flask. 

Transfer 50 c.c. of this solution, corresponding to 0*4985 gram of pure 
iron, to a small flask, add 25 c.c. of strong HC1 and heat to boiling. Then 
add the stannous chloride solution (c) from a burette, with constant shaking, 
until the iron solution just becomes colourless (312). 

Add to the solution in the flask 60 c.c. of the mercuric chloride solution 
(d). Mix well by shaking the flask, and pour the solution into a large porcelain 
dish which contains 600 c.c. of water and 60 c.c. of the special solution (b) : 
then rinse the flask into the dish, using plenty of washing- water. 

Now add the permanganate solution (a) from the burette, with constant 
stirring, until the liquid just assumes a faint permanent pink tinge. Then 
read off the volume of solution used from the burette and calculate the iron 
value of I c.c. of the permanganate solution. 

Determination of Iron in Iron Ore.— 1 gram of the finely powdered and 
dried ore is placed in a flask of about 250 c.c. capacity : 30 c.c. of strong 
hydrochloric acid are added and the mixture is heated until the iron is com- 
pletely extracted from the ore. This is known to be the case when the ore 
is completely dissolved, or when the residue is quite white (314). 

The unfiltered solution, which may contain white silica, is then treated 
precisely as is directed above in the use of the iron solution for 
standardising the permanganate solution. 


Valuation of Chrome Iron-ore. 

4OO. The value of this mineral for commercial purposes depends almost 
entirely upon the proportion of chromium which it contains : the percentage 
of chromic oxide (Cr 2 0 3 ) which it contains should not fall below 40, if the ore 
ts to be of commercial value. 

The chromium may be determined by fusing the ore with sodium peroxide. 
Treatment with boiling water and filtration from the insoluble oxide of iron 
will then furnish a solution of Na a Cr0 4 , which may be converted into NagCrjOj 
by the addition of H 2 S0 4 in excess. The acidified solution may now either be 
titrated- with standard ferrous sulphate solution (307), or excess of KI solution 
may be added and the free iodine titrated by standard Na a S a O a solution 
in the presence of starch sdltition (332-335). 
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The solutions required for the latter process of titrating the chromium 
are as follows : 

(a) Decimotecular Sodium Thiosulphate Solution (33 2). 

(b) Starch Solution (333). 

(c) Potassium Iodide Solution , containing 10 grams of the iodide in 
100 c.o. of water. 

Standardising the Thiosulphate Solution.— This may be effected 
by dissolving exactly 5 grams of pure dry K 2 Cr 2 0 7 in water, and diluting 
the solution to 500 c.c. 10 c.c. of this solution, containing 0*03537 gram of 
chromium, are transferred to a beaker about 800 c.c. in capacity, and are 
then diluted to 600 c.c. with water and acidified with 20 c.c. of dilute H 2 S0 4 , 
made by diluting the strong acid with three times its volume of water. 
From 15 to 20 c.c. of the iodide solution (c) are now added, and the 
mixture is stirred and allowed to stand for ten minutes in order that the 
reaction may be complete. The liberated iodine is then titrated with the 
thiosulphate solution (a), using the starch solution (b) as an indicator towards 
the end of the process, and the value of 1 c c. of the thiosulphate solution 
in terms of Cr or Cr 2 0 3 is calculated. The titrated solution contains chromic 
sulphate and is therefore of a greenish blue colour ; this renders necessary 
the dilution directed above m order that the end of the process may be evident 
by the starch coloration. 

Process of Determining Cr in the Ore.— About 0*5 gram of the finely 
powdered and dried ore is exactly weighed and is mixed in a nickel crucible 
with from 3 to 4 grams of sodium pei oxide. This mixture is gently heated 
until it fuses, the crucible being held m a pair of iron crucible tongs and 
shaken until a clear liquid, free from lumps, is obtained ; a little more per- 
oxide is added, if necessary, during the process. 

The cold crucible is placed m a beaker with about 100 c.c. of distilled 
water and is heated until the ye low mass has completely disintegrated ; 
the crucible is then removed and the solution is allowed to cool. A little 
solid sodium peroxide is now added, and the liquid is boiled for about five 
minutes in order to decompose any manganate or ferrate which may have 
been formed during the fusion. The cool liquid is then filtered and the residue 
is well washed with hot water, and the filtrate and washings are diluted to 
500 c.o. 

Half of this solution is transferred to a beaker and is made just acid by 
the addition of dilute H 2 S0 4 , after which an excess of 20 c.c. of dilute H 2 S0 4 is 
added. The liquid is then further diluted, the potassium iodide solution is 
added, and the titration with the standard thiosulphate is carried out as is 
described above for the process of standardising the thiosulphate. 
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Valuation of Mercury-ore. 

401 . In estimating the percentage of mercury present in cinnabar, or native 
sulphide of mercury, the method described in paragraph 204 may often be 
replaced by the following procedure. The process is suitable to any mercury- 
ore which is not rich in mercury and which contains the metal in the 
condition of sulphide. Rich ores require a preliminary dilution, as is described 
below, before they are treated by this process, or they may be treated directly 
as is directed in paragraph 204 * 

The following method depends upon decomposing the sulphide by heating 
it with iron, and condensing the mercury vapour, which is evolved, upon 
a cooled sheet of silver of known weight : the mercury forms an amalgam 
with the silver, and its weight is found by reweighing the silver. 

The Apparatus shown in Fig. 88 is prepared as follows : 

The upper edge of a glazed porcelain crucible (a) about 4*5 cm. in height and 
4 cm. broad, is ground down flat on a 
rough surface: and the crucible is m 

supported on a stand by dropping it 
into a suitable hole in a metal or 
asbestos sheet (/i). 

A 5 cm. disc or square of “ fine ” 
silver-sheet (/), weighing about 0 3 gram 
per square cm., is then annealed in the 
flame, and is rubbed between smooth 
surfaces until it lies perfectly flat upon Valuation op Cinnabar. 

the top of the crucible. Upon this 

is placed a somewhat larger sheet of thm silver-foil (e) to keep the sheet (/) 
clean. 

A copper cooler (b) through which cold water constantly passes by two 
pipes (c) is now laid upon the sifcrer-foil (e) and is pressed down by placing a 
weight upon it. A gutter (g) should run round the cooler to collect any 
condensed moisture, which may bo removed from time to time by blotting- 
paper. 

The iron filings, which are to be mixed with the ore, are cleansed by heating 
them for an hour to redness in a covered crucible and sifting them, when cool, 
through a sieve of 80 meshes to the inch : another batch of filings for placing 
above the mixture in the crucible may be sifted through a 30-mesh sieve. 
These are preserved in separate stoppered bottles. 

For the Estimation the ore is finely powdered. If it must be dried, the 

U 
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drying should be carried out with care, as free mercury is often present and 
might be partially removed as vapour. 

The powdered ore is introduced in weighed amount into the crucible (a). 
About 2 grams may be taken if the percentage «of mercury present is less than 
1 per cent., 1 gram if the percentage is between 1 and 2, and 0*5 gram or less 
if the percentage is between 2 and 5. 

If the process is applied to an ore containing more than 5 per cent, of 
mercury, the ore should be diluted by grinding 10 grams until it passes a 
sieve of not less than 120- mesh, and mixing it intimately with a known weight 
of sand or calcite which has been ground to pass the same sieve : a known 
weight of this mixture is introduced into the crucible, a note being made of 
the weight of ore which it contains. 

The ore is now mixed in the crucible with about 10 grams of the finer 
prepared iron filings, and the mixture is covered with about 5 grams of the 
coarser prepared filings. The crucible is supported in the aperture of the hole 
in the plate, which rests upon a tripod or retort-stand. The freshly cleaned 
and weighed silver-plate is placed centrally upon the crucible and covered 
with the silver-foil, and the cooler is placed upon this and is pressed down 
by a suitable weight. 

A flame is then applied which just suffices to heat the bottom of the crucible 
to redness and which does not come into contact with the sides of the crucible. 
After the heat has been applied for about twenty minutes the flame is removed, 
and as soon as the whole is cool the silver-plate is removed, dried for one or 
two minutes in the steam- oven, and weighed when cold (Note). If any 
tarry matter has collected on the plate this must be removed by alcohol 
before the plate is dried. 

The increase in the weight of the silver-plate gives the weight of mercury 
in the weight of ore taken, and from this the percentage can be calculated. 

Note . — Unless some experience has been obtained in the adjustment of tho size 
of the flame and the length of time required for the heating, it is well to repeat the 
process of heatmg the residue in the crucible with a fresh silver-plate m order to 
make sure that the whole of the mercury has been removed from the ore • the 
second treatment should cause no increase of weight to the silver, and any such 
increase must be added to the weight of mercury already obtained. 

The silver-plate is freed from mercury by being gently heated and may 
then be used for a fresh estimation. 

It is possible to judge whether the plate has lain absolutely flat on the 
edge of the crucible by noting whether the mercury stain upon it is perfectly 
circular and does not extend beyond the edge of the crucible. This close 
fitting of the plate is essential to insure against possible loss of mercury 
vapour. 
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Valuation of Zinc-ores. 

402. The volumetric processes in paragraphs 378, 379 are convenient 
for estimating the percentage of zinc m many of its ores. 

Blende and other zinc-ores often contain lead, copper, and cadmium. 
These metals must be removed from the solution of the ore by precipitation with 
hydrogen sulphide before the zinc is estimated. Iron and manganese also inter- 
fere with the accuracy of the titration, and may be removed as is described 
below. A preliminary qualitative analysis of the zinc-ores should always 
be made, in order to ascertain whether any of these metals are present. 

403. Estimation of the Moisture. — It is advisable in all cases to estimate 

the amount of moisture m the ore, since this renders it possible eventually to 
calculate the percentage of zinc in the dry ore. I 

For this purpose weigh out accurately from 1 to 2 grams of the finely 
powdered ore. For rich ores 1 gram, and for the poorer ores 2 grams, will 
be found a suitable quantity for analysis. Heat this portion of the ore m 
the steam-oven until its weight becomes constant (189) : the loss of weight 
which it suffers represents the amount of moisture. 

404. Estimation of the Zinc. — Place the dried ore (403) in a 250 c.c. 
beaker, and add a little aqua regia. Heat until solution is complete, and 
remove the excess of acid by heating the liquid in an evaporating-dish. 

If lead is present, add a few drops of strong sulphuric acid, and evaporate 
until dense white fumes appear. Extract the residue with water, and filter. 
If any other metals of tho hydrogen sulphide group are present, suoh as oopper, 
they must be precipitated by passing hydrogen sulphide. 

If the solution contains iron and manganese, convert the iron into the 
ferric condition by heating the solution or filtrate with a little strong nitric 
acid. Add bromine- water in excess to the cold solution, then ammonium 
hydrate in slight excess, and boil. Filter off the precipitate, which consists 
mainly of ferric hydrate, and wash it free from zinc ; Am 2 S must produce no 
precipitate when it is added to the last few drops of the washings. Add the 
washings to the filtrate. 

If the iron precipitate is large in amount, it must be dissolved in hydro- 
chloric acid, and then reprecipitated and washed as before. This procedure 
will dissolve out the zinc which is invariably precipitated with the iron. 

Add the second filtrate and washings to those previously obtained. 

The zinc in this solution may then be estimated by standard ferrocyanide 
solution, taking the precautions mentioned in paragraph 378 ; or it may 
be estimated directly in the ammoniacal solution by sodium sulphide solution, 
the strength of which has been recently determined {379). 
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Valuation of Copper-ores. 

Four methods for estimating the amount of copper in the solution of a 
copper-ore are described below. The first is an electrolytic method (405)* 
The second, or Mansfeld method (406), is an application of the cyanide process 
(377). The third is commonly kn wn as the iodide method (407)* The fourth 
is the thiocyanate method (408)* 

405. The Electrolytic Method. — In this process the copper is precipi- 
tated from the solution of the ore by an electric current and is then weighed 
in the metallic state. 

Preparation of the Solution of the Ore. — Weigh accurately about 2 grams 
of the finely powdered sample : and, if it contains bituminous matter, oxidise 
and expel the organic matter by igniting the powder in the air. 

Then proceed to dissolve the copper by pouring a little moderately dilute 
nitric acid upon the ore in an evaporating-dish, and adding about the same 
quantity of dilute sulphuric acid. Cover the dish with an inverted funnel 
(Fig. 41, p. 42), and evaporate nearly to dryness on a sand-bath m order to expel 
the excess of nitric acid. Dissolve the residue m water, adding a few drops of 
nitric acid if necessary, then filter off the residue and wash it twice with water. 

Transfer the filtrate to a platinum dish, add 10 c c. of nitric acid of 1*2 
specific gravity, and dilute the liquid until its volume is 150 c.c. Then 
proceed to deposit the copper electrolytically and to weigh it, as is described m 
paragraph 2l8. 

Note. — It is essential in this process that an amount of free nitric acid not 
exceeding 10 per cent should bo present before electrolysis, since the strength 
of the acid is diminished duiing electrolysis by the formation of ammonia If 
the solution becomes alkaline from this cause the copper is deposited as a brown, 
loosely adherent coating, and it is very difficult to wash this without loss. 

406. The Mansfeld Method. — The ore is first dissolved in acid, and the whole 
of the copper is precipitated from this solution by immersing in it a piece of zmo 
and a strip of platinum-foil. The copper is then dissolved from the platinum stnp 
by nitric acid. The acid solution is rendered alkaline by the addition of ammo- 
nium hydrate in excess, and the alkaline solution is titrated with standard potas- 
sium cyanide solution (377)* 

(a) Solution of the Copper — Weigh accurately about 5 grams of the finely 
powdered ore into a 300 c.c. flask. Add 40 c c of hydrochloric acid of 1*16 specific 
gravity. After a time add 6 c c. of dilute nitiic acid, made by mixing nitnc acid 
of 1 2 specific gravity with an equal measure of water. Gently heat the flask for 
thirty minutes on a sand-bath, and finally boil the liquid for fifteen minutes. The 
whole of the copper will now be in solution Remove the insoluble residue by 
filtration, receiving the filtrate m a 500 c c. beaker. 

(b) Precipitation of the Metallic Copper . — A zinc rod, free from lead, and weigh- 
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ing about 50 grams, is attached to a piece of platinum-foil. This is placed m the 
filtrate containing tho copper. The precipitation of the copper in the mctallio 
state commences as soon as the warm filtrate comes into contact with tho zinc and 
platinum, and is complete in about half an hour. Tho spongy copper partly adheres 
to the platinum, and is partly suspended m the liquid. Detach the copper from 
the platinum, remove tho zinc and platmum, and wash the precipitated copper 
repeatedly by decantation. 

(c) Titration of the Standard Cyanide Solution . — Standard potassium cyanide 
solution must now bo prepared as follows • Weigh into a litre flask exactly 5 
grams of chemically puio copper, which has been preferably deposited elcctrolyti- 
cally Dissolve this m 20(1 flee of nitric acid, consisting of equal measures of 
water and of liitnc acid of 1 2 specific gravity, and dilute this solution to a litre. 

Pour 30 c c of this copper solution, which is equivalent to 0 15 gram of metallio 
copper, mto a small beaker. Add 10 c c. of dilute ammonium hydrate solution, 
made by mixing one volume of ammonium hydrate of 0 93 specific gravity with 
two volumes of water Then add tho potassium cyanide solution from a burette 
to this solution, until its blue colour fades to a very pale lavender (377). 

The copper-value of the potassium cyanide solution is thus determined, and 
the strength of the solution must then be so adjusted that eachc.c. is equivalent 
to 0 005 giam of copper. 

(d) Estimation of the Copper — Dissolvo the copper, which was precipitated 
from tho solution of tho ore (b), in 8 c c. of nitric acid of the strength described 
abovo (c). Add 10 c c. of the dilute ammonium hydrate solution (c), and proceed 
with the titration as is deseiibcd abovo (c). 

If the amount of copper in the ore exceeds 6 per cent., dissolve tho precipitated 
copper in 16 c c. of the dilute nitric acid, make up the solution to 100 c.c. with 
distilled water, and withdraw 50 c c for the titration. 

Tho calculation of the percentage weight of copper in tho ore from tho result of 
tho titration is very simple. For since 5 grams of the ore are used, and each c c. 
of the potassium cyanide solution corresponds to 0 005 gram of copper, each c.c. 
of the cyanide solution used m tho titration represents 0*1 per cent, of copper. 

This method is rapid, and is accurate if it is always carried out under the same 
conditions. Care must, however, bo taken that lead is not present in large quantity, 
and that zinc is entirely absent. Tho solution should be at tho ordinary tempera- 
ture, since heat seriously affects the result The strength of tho copper solutions 
to be titrated should not vary greatly , and finally the same amount of ammomacal 
salt should be present in each determmation. 

407. Iodide Method. — Weigh accurately about 2 grams of the finely 
powdered ore, and prepare the solution of the ore as is directed under the 
electrolytic method (405)- Then either precipitate the copper completely 
from the diluted solution by passing hydrogen sulphide, filter, and wash 
the precipitate with water contaimng hydrogen sulphide : or precipitate the 
metallic copper as is directed in paragraphs 405* 406. 

Dissolve the precipitate by heating it with a small quantity of nitric acid, 
evaporate nearly to dryness, add some water, and boil the liquid until it ceases 
to evolve nitrous fumes. Add sodium carbonate until a small permanent 
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precipitate is formed, then add acetic acid in si ght excess. Dilute this 
liquid to 200 c.c., and estimate the copper by adding potassium iodide solution 
in excess, and titrating the iodine by standard sodium thiosulphate solution 

( 357 )- 

408. Estimation of Copper as Cuprous Thiocyanate.— The copper 
ore is treated as is directed in paragraph 405 in order to prepare a solution 
of the copper. For this estimation, however, the copper solution must not 
contain free nitric acid. Hence the free acid is neutralised by adding ammo- 
nium hydrate in slight excess, and the liquid is then rendered faintly acid in 
reaction by the addition of dilute hydrochloric acid. 

The copper is then precipitated from the solution by adding, with con- 
tinuous stirring, an excess of a solution of equal weights of ammonium thio- 
cyanate and of ammonium bisulphite, and allowing the liquid to stand for 
several hours. It is then poured through a tared filter-paper or Gooch filtor 
( 82 ). The white precipitate of cuprous thiocyanate, Cu 2 ' v CNS) 2 , is washed 
with cold water until the washings only show a faint red coloration with 
ferric chloride, and finally with 20 per cent, alcohol. It is then dried m the 
air-oven at 110° C. until its weight is constant. For another method see 
paragraph 496 . 

Note — Since copper is the only metal which is precipitated as thiocyanate 
from a solution of chlorides acidified with hydrochloric acid, the above process 
serves to separate it from all other metals. 


Valuation of Soda-ash. 

409 . Soda-ash consists essentially of anhydrous sodium carbonate, but it 
always contains sodium hydrate and other substances. 

Moisture, sodium carbonate, and sodium hydrate are commonly estimated 
in soda-ash. 

410. Estimation of Moisture. — Weigh 10 grams of the powdered soda- 
ash into a platinum erucible. Heat the covered crucible for about half an 
hour over a small Bunsen flame, and weigh it when it is cold. The loss of 
weight represents the moisture contained in the sample. 

411. Estimation of Sodium Carbonate and Sodium Hydrate.— Transfer 
the dried salt (41O) to a beaker and dissolve it in air-free water. Filter 
off and wash any insoluble matter ; then dilute the filtrate and washings to 
600 c.c. with air-free water, and make the liquid uniform by shaking it well. 

Mix 60 c.c. of this solution with a few drops of phenol -phthalem solution 
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( 269 ), and then add normal sulphuric acid {285) slowly until the red coloui 
of the liquid is just destroyed. 

At this point all the sodium hydrate and one-half of the sodium carbonate 
will have been neutralised. For since phenol -phthalem is sensitive to free 
carbonic acid, its red colour will disappear as soon as the whole of the sodium 
carbonate has been converted into bicarbonate and a trace of carbonic 
acid has been hberated by the action of the sulphuno acid upon the 
bicarbonate. 

In order to prevent the escape of carbon dioxide, which would lead to an in- 
accurate result being obtained, the point of the burette should be immersed in 
the liquid, and the liquid should be kept at as low a temperature as possible. This 
applies to the addition of the acid throughout the process. 

Now add a few drops of methyl-orange solution ( 268 ), and continue the 
addition of the standard acid until the colour of the solution changes from 
yellow to pink. At this stage the whole of the bicarbonate will have been 
converted into neutral sulphate. 

It is evident that the sodium, which was present as carbonate in the 
original solution of the soda-ash, is equivalent to twice the quantity of acid 
which was required for neutralisation after the addition of the methyl-orange. 
Also that the amount of sodium hydrate in the original solution is equivalent 
to the total amount of acid used, less that corresponding to the carbonate. 

The following example illustrates the procedure and the method of calcula- 
tion: 

Example. — In a particular estimation, 10 024 grams of soda-ash were dissolved 
in water, and the solution was made up to 500 c c. 

This liquid was titrated with normal sulphunc acid solution, each c.c. of which 
coi responds to 0 05306 gram Na^CO,, and to 0 04006 gram NaHO. 

With phcnol-phthalein as an indicator, 50 c c. of this solution required 9 6 c.c. 
of normal sulphuric acid 

On the addition of methyl-orange, 8 4 c c of additional acid were required. 

Therefore the total amount of acid required was 9 6 + 8 4 *» 18 0. 

Hence the amount of acid equivalent to the sodium carbonate present in 50 c.o 
of this solution was « 8 4 x 2 « 16 8 cc. 

And 500 c.c. would require =* 16 8 x 10 168 c.c. of acid. 

Therefore the amount of Na^CO^ in 10 024 grains of the soda-ash 
168 x 0*05306 - 8 9141 grams. 

_ 8*9141 x 100 

Hence the percentage of Na^COj « — io*024 — “ 88 £3. 

The amount of acid equivalent to the sodium hydrate in 50 c.c. of the solution 
is 18 - 16 8 = 1 2 c c. i hence the acid equivalent to 500 c c 1 2 x 10 — 12 c.o. 

Therefore the amount of NaHO in 10 024 grams of the soda-ash is 12 x 0 04006 
« 0 48072. 

0 48072 x 100 

Hence the percentage of NaHO — 10 024 “ 4 79. 
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Note. — In technical analyses it is usual to state the weights of Na i O which are 
present as carbonate and as hydrate respectively. 


Valuation of Manganese-ores. 

412 . The value of a manganese -ore for the preparation of chlorine, and for 
many other purposes, depends upon the amount of “ available oxygen ” 
which it contains. The available oxygen is that part of the oxygen which is 
available for effecting oxidation during the process of solution of the oxide 
m an acid. It will be seen from the following equation that half the oxygen 
m MnO a is thus “ available ” : 

Mn0 2 4 * H 2 S0 4 — MnS0 4 + II 2 0 -f 0. 

Three methods for estimat ng the commercial value of manganese-ore 
are described below. The methods described m paragraphs 414 , 415 deter- 
mine the amount of oxygen which is actually available in practice. Tho 
methods described in paragraph 416 , however, indicate the amount of manga- 
nese peroxide present with gi eater accuracy. 

Many samples of manganese-ore contain ferrous oxide. This reduces 
the actual amount of available oxygen m the manganese oxide, since tho 
ferrous oxide is converted into ferric oxide, and thus appropriates some of the 
oxygen, during the applications of the manganese oxide. 

When the estimation is to be made, about 10 grams of the oxide are finely 
powdered as rapidly as possible, and the powder is placed in a stoppered 
weighing-bottle. 

413 . Estimation of Moisture. — Most manganese-ores contain combined 
water, in addition to hygroscopic moisture. Tho latter is usually estimated 
as follows : 

Weigh out from 2 to 4 grams of the ore accurately in the watch-glasses 
and clamp, and heat it in the air- oven ( 42 O) to 120° C. until the weight 
becomes constant. This temperature drives off the hygroscopic moisture 
only. 

414 . Indirect Estimation of the Available Oxygen by Potassium 
Iodide and .Thiosulphate. 

About 0*5 gram of the finely powdered dried ore ( 413 ) is accurately weighed 
into the small flask (a) (Fig. 80, p. 188) and is warmed with about 25 o.c. of 
strong hydrochloric acid, the chlorine which is given off being absorbed in 
potassium iodide solution contained in the U-tube. The ohlorme liberates 


415, 416.] VALUATION OF MANGANESE-ORES. 217 

its chemically equivalent quantity of iodine, and this is then titrated with 
standard sodium thiosulphate solution (353)* 

The available oxygen is usually calculated m terms of manganese dioxide 
according to the equation, 

Mn0 2 + 4HC1 = MnCl 2 + 2H,0 4- Cl a . 

415. Estimation of the Available Oxygen by the Oxidation of a 
Ferrous Salt. — Weigh accurately from 1 to 2 grams of pianoforte -wire, 
and dissolve it in dilute sulphuric acid as is described in paragraph 305 . Then 
weigh accurately about 1*5 gram of the dry finely powdered manganese-ore 
(413). and add it to the iron solution. Heat the solution until the ore is 
dissolved, carefully avoiding the access of air. 

As soon as the solution of the ore is complete, estimate the amount of 
unaltered ferrous salt by means of standard potassium permanganate (319) 
or by standard potassium dichromate solution (306). 

The available oxygen is usually calculated from this result in terms of 
manganese dioxide, from the equation, 

2FcS0 4 + Mn0 2 + 2H 2 S0 4 = Fe 2 (S0 4 ) 3 + MnS0 4 + 2H 2 0. 

416 . Estimation of the Available Oxygen by the Oxidation of Oxalic Acid.— 
Refeiencc to paiagraph 187 will mdicato another method of valuing manganese- 
01 c, which may be applied either giavimetncally or volumctrically. 

The weight of oxalic acid which can be oxidised by the manganese oxide is 
obtained by this method. 90 parts of H,C,0 4 correspond to 87 05 parts of manga- 
nese dioxide, and fiom this relation the weight of MnO, may be calculated 

H,C,0 4 + Mn0 i + H * S0 4 = 2CO i + 2HjO + MnS0 4 . 

Gravimetric Estimation — Weigh out accurately about 3 grams of the finely 
powdered mangancsc-oro ( Note , 187 ) Introduce this, together with 2i times its 
weight of ncutial potassium oxalate, into the decomposition-flask ( 175 , 183 , 185 ), 
allow strong sulphuric acid to How m, and estimate the CO^ which is evolved as 
is dn ec ted m the paragraphs ref ei red to. 

Volumetric Estimation — Pour upon 2 grams of the ore, contained in a flask, 
100 c.c of normal oxalic acid solution and 5 or 6 c c of strong sulphuric acid Heat 
the mixture until all black grains have disappeired Then filter the liquid, make 
the filtrate up to 250 c c and determine the amount of undecomposed oxalic acid 
in this solution by titrating it with standard permanganate solution ( 320 ) ; the 
weight of oxalic acid which has been oxidised by the Mn0 4 is then found by 
difference. 
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Estimation of the Amount of Hydrochloric Acid required 
to decompose a Manganese-ore. 

4I7* 1^ is sometimes necessary to determine for technical purposes the 
amount of hydrochloric acid which is necessary to decompose a manganese- 
ore. 

The amount of manganese peroxide found in a manganese-ore does not 
give a true indication of the amount of hydrochlorio acid necessary for its 
decomposition, since in many manganese-ores earthy carbonates and iron 
compounds are present. Hence the amount of free acid which disappears 
during the solution of the manganese-ore is usually in considerable excess 
of the amount actually decomposed by the Mn0 2 . 

418. For the estimation of the amount of acid actually required for the 
solution of the ore, use hydrochloric acid of about M2 specific gravity. First 
ascertain the strength of the acid by means of normal sodium hydrate solution 
(289)* Then pour 1 gram of the finely powdered ore into a small flask, add 
10 c.c. of hydrochloric acid of the above gravity, connect the flask with an 
inverted condenser (IOl6), and heat the acid until all action ceases. 

Now add standard sodium hydrate solution from a burette to the cool 
residual acid liquid, until the reddish brown precipitate of ferric hydrate, 
which first appears, does not redissolve when the liquid is well shaken. This 
will measure the excess of acid which remains after the decomposition of the 
manganese-ore has been effected. 

The amount of acid required for the decomposition of the ore is that which 
is found to have disappeared during the process of heating. 

The amount of chlorine which has been evolved during the action of the 
acid may then be found (414), and the quantity of chlorine which remains 
combined as chloride in the solution can be calculated by difference. 


Analysis of Limestone, Magnesian Limestone and Lime. 

419. Limestone consists essentially of varying proportions of calcium and 
magnesium carbonates. If the proportion of magnesium carbonate is large, 
the limestone is called magnesian limestone or dolomite. Limestone also 
usually contains moisture, silicious matter, iron, and aluminium ; and occa- 
sionally manganese, alkali-metals, and carbonaceous matter. Since the 
constituents of limestone may vary, an exhaustive qualitative examination 
should precede the quantitative analysis. 

A quantitative analysis of lime may also be made by following the scheme 
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arranged below : moisturo removable in the air-oven will usually be absent, 
and little or no carbon dioxide will be found if the lime has been thoroughly 
and recently burnt. 

For practice in the following method of quantitative analysis, select a 
homogeneous piece of dolomite. Reduce about 10 grams of the substance 
to fine powder, and place the powder at once in a stoppered weighing-bottle. 

420. Estimation of Moisture. — Dolomite rarely contains much moisture. 
In order to ascertain whether any moisture is present, and at the same time 
to estimate its amount, weigh out accurately from 1*5 to 2 grams of the powder 
m the watch-glasses and clip ( 16 ), remove the clip and upper glass, and heat 
the lower glass and powder in the air-oven ( 6 l) for an hour at a temperatuie 
of about 200° C. 

Then remove the substance from the air- oven, immediately covering it 
with the other glass ; replace the clip, allow the glasses to cool in the 
desiccator, and weigh the glasses when they are cold. If any loss of weight has 
occurred, heat again in the same way m the air-oven for half an hour and 
weigh once more. Repeat these processes until the weight remains constant 
in two successive trials. The loss of weight thus found gives the amount of 
moisture present. 

421. Estimation of Carbon Dioxide.— Transfer the dried dolomite 
[42O) to the flask (a) shown on page 104. Decompose the carbonate with 
hydrochloric acid, and estimate the carbon dioxide gas which is evolved 
exactly as is described in paragraph 175 * 

The soda-lime absorption-tube (/, p. 104) must be of sufficient capacity to 
absorb the gas completely As a precaution, a second somewhat smaller soda- 
lime tube may be attached to this larger tube and any increase of weight which 
occurs in this second tube is added to the gam of weight of the larger tube (/). 
This second tube, or “ guard-tube,” serves to insure complete absorption of the 
gas. It also indicates when the soda- lime in the larger tube (/) is nearly saturated 
by repeated use and requires to be replaced, smo » when th s is the case the smaller 
absorption-tube undergoes marked increase in weight during the process of estima- 
tion. 

Caution . — Care must be taken to preserve without loss the solution which 
remams m the decomposition-iiask (a), as well as all the filtrates and washing- 
waters which are obtained in the following processes, since these liquids are em- 
ployed in the estimation of constituents of the limestone. 

422. Estimation of Silicious Matter. — The insoluble residue? which is 
left in the flask (421) consists mainly of sand and clay. A small quantity 
of silica will probably also have passed into the acid solution. The whole 
of the silica which was originally present in the limestone may be estimated 
as follows : 
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The contents of the decomposition- flask are carefully rinsed out into a 
porcelain dish 10 cm in diameter, a little strong nitric acid is added, and the 
liquid is evaporated to dryness on the water-bath. The dish is then heated 
in the air-bath to 150° C. for an hour in order to convert the silica into the 
anhydrous insoluble condition. 

The dish is now allowed to cool, and its contents are heated with a small 
quantity of strong hydrochloric acid, which will dissolve everything except 
the silica and the clay. A little water is added, the liquid is filtered, and the 
residue is washed in the filter until it is free from acid. 

The residue is then ignited. If it is small in amount, it is ignited together 
with the filter (99)* however, the amount of residue is considerable, the 
filter is more conveniently incinerated apart (IOI). 

The residue thus estimated consists of silica and clay. Refer to para- 
graph 210 and Note I. 

423. Estimation of Ferric Oxide and Alumina. —Add to the filtrate 
and washings from the estimation of silica (422) a considerable quantity of 
ammonium chloride solution, and then add ammonium hydrate m very slight 
excess. Heat the solution neaily to boiling, and filter. 

Wash the precipitate of aluminium and iron hydroxides twice with hot 
water : then dissolve it m hot dilute liydioehlonc acid, and reprecipitate the 
iron and aluminium hydroxides by adding ammonium hydrate in slight 
excess. 

This second precipitation separates the calcium, which is precipitated with 
the iron and aluminium hydroxides as carbonate by the traco of ammonium 
carbonate in the ammonium hydrate. 

Filter, and wash the precipitate until it is free from dissolved chlorides. 
Carefully reserve and mix together the above filtrates and all the washings. 

If the piecipitate is small in amount, and it is not intended to estimate 
the iron and the aluminium separately by paragraph 424, a, the precipitate 
may now be dried m the steam-oven, and the filter and precipitate may bo 
ignited together (99) at a bright red-heat in a platinum crucible. The ignited 
residue of Fe 2 0 3 and A1 2 0 3 is then weighed. 

This residue is reserved, if necessary, for the estimation of the Fe and the 
A1 which it contains, according to the directions given m paragraph 424, b. 

424. Separate Estimation of Iron and of Aluminium, or of Alu- 
minium by Difference. — If the amounts of iron oxide and of aluminium 
oxide present are to be determined, proceed either to separate the oxides of 
these metals and to estimate them separately (a), cr to determine the alu- 
minium by difference (b). 

(a) Separate Estimation of Aluminium and of Iron . — Dissolve the washed 
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precipitate of aluminium and iron hydroxides (423) upon the filter in hot dilute 
hydrochloric acid, and allow the solution to flow into a porcelain or nickel dish 
containing about 50 c c. of strong potassium hydrate solution, which must 
be free from alumina. Wash out the acid, which remains adhering to the filter- 
paper, with a small quantity of water, and allow these washings also to flow 
into the dish. Boil the contents of the dish for a few minutes. The iron will 
thus be precipitated as ferric hydroxide, while the aluminium hydroxide will 
remain in solution. 

The iron precipitate is filtered of! and washed. It is then dissolved in 
hydrochloric acid and rcprecipitated by ammonium hydiate, in order to fiee 
it from alkali. The precipitate is the 1 filtered off and washed, then ignited 
at a red heat (99), and weighed as Fe 2 0 3 (129). 

The original alkaline filtrate, which contains the aluminium hydroxide, 
is mixed with a slight excess of strong hydrochloric acid, and then with ammo- 
nium hydrate in very slight excess. The precipitate is filtered off, washed, 
dried, and ignited, and is weighed as A1 2 0 3 (130). 

(b) Estimation of Iron and of Aluminium by Difference. — The ignited 
and weighed precipitate of Fe 2 0 3 and A1 2 0 3 (423) is dissolved by prolonged 
heating with strong HC1. The iron m the solution is reduced by means of 
stannous chloride (312), or by ammonium bisulphite (313), and is titrated 
by means of dichromate solution (306) : or more rapidly by the method 
described m paragraph 399. 

The weight of Fe thus found is calculated as Fc 2 0 3 , and this weight is 
subtracted from the original weight of the precipitate containing the Fe 2 0 3 
and A1 2 0 3 . The difference represents the weight of the A1 2 0 3 . 

425. Estimation of Manganese. — If only a trace of manganese is present 
in the limestone its estimation may be neglected, since it will be precipitated with 
the iron and will cause no appreciable error in the weight of Fe, 0 3 obtained. If, 
however, there is any quantity of manganese present, the iron and aluminium 
must bo first precipitated as basic acetates (435) * the manganese is then precipi- 
tated from the filtrate as hydrated peroxide and is estimated as is directed in 
paragraph 438. 

426. Estimation of Calcium. — Mix together the ammoniacal filtrates 
and washings from the iron and aluminium precipitate (423), heat the liquid 
to boiling, and add a moderate excess of solid ammonium oxalate (145, Note). 
Filter, and wash the precipitated calcium oxalate two or three times. Dissolve 
the precipitate in hot dilute hydrochloric acid : filter if necessary, and re- 
precipitate the calcium oxalate by adding a slight excess of ammonium 
hydrate solution, together with a few drops of ammonium oxalate solution. 
Filter ; wash, dry, and ignite the precipitate, and weigh it as carbonate or 
as oxide (146, 147)* 
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The excess of ammonium oxalate retains most of the magnesium in solution, 
but if much Mg is present the above reprecipitation is necessary to remove 
magnesium from the precipitate of calcium oxalate. 

427. Estimation of Magnesium. — Pour the filtrates and washings from 
the calcium oxalate precipitate (426) into a porcelain dish 15 cm in diameter. 
Evaporate this liquid to dryness, lightly greasing the inside edge of the 
dish to prevent the solution from creeping over. As soon as all the liquid 
has been driven off, place the dish on a sand-bath or on a piece of wire-gauze, 
and heat it as long as fumes of ammonium salts are driven off. This removal 
of ammonium salt is necessary, since they prevent the complete precipita- 
tion of magnesium. 

Treat the residue in the cool dish with a little strong hydrochloric acid ; 
then warm, add water, and filter if necessary. To the clear solution, contained 
in a beaker, add ammonium hydrate in moderate excess, then add excess of 
sodium hydrogen phosphate solution and allow the liquid to stand for a few 
hours Filter, and wash the precipitate with dilute ammonium hydrate 
solution ; then ignite it, and weigh the Mg as Mg 2 P 2 0 7 . 

The precipitation may be very much hastened by shaking the liquid well 
in a stoppered bottle (165 anf J Note 1). 

428. Estimation of the Alkali-metals. —Sodium and potassium may 
be estimated, if necessary, as follows : 

Five grams of the dolomite are dissolved in hydrochloric acid, sulphate 
is completely precipitated by adding BaCl 2 solution, and the solution is made 
alkaline by the addition of excess of “ milk of lime,” so as to precipitate all 
the metals except those of the alkalis. 

The milk of lime is prepared by stirring up freshly slaked lime, which must be 
free from alkalis, to a creamy consistency with water. 

The milky liquid is heated and then filtered. The excess of lime is removed 
from the filtrate and washings by first adding ammonium hydrate and ammo- 
nium carbonate solutions in excess, and then a few drops of ammonium 
oxalate solution. The precipitate is filtered off, and the filtrate is acidified 
with HC1, and evaporated to dryness in a weighed porcelain or platinum dish. 

The chlorides of sodium and potassium thus obtained are heated for a short 
time in the air-bath at 150° C. or upon the sand-bath, and are finally weighed 
after cooling in the desiccator. 

In order to remove the trace of calcium which is still usually present, the residue 
is dissolved in water containing a little dilute HC1, and a few drops of solution of 
Am HO and of Am 8 C a 0 4 added. If a precipitate forms it is filtered off, the filtrate 
is evaporated, and the residue is moistened with hydrochloric acid to convert any 
carbonate into chloride, then evaporated to dryness, ignited and weighed. 
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429. The Proportions of the Sodium and Potassium Chlorides which 
are present in this residue may be determined by either of the following 
methods, a or b. 


(a) The weighed residue is dissolved in water, and a few drops of HC1 and 
an excess of platimc chloride solution are added. The liquid is then evapo- 
rated on the water-bath, and the residue is treated with alcohol in which the 
potassium salt, K 2 PtCl 6 , is insoluble : the double salt is then dried and weighed 
as is directed in paragraph 17 1 . The weight of potassium chloride present is 
now calculated, and the weight of the sodium chloride is found by difference. 

(b) The weighed residue of the chlorides is dissolved in water, and the 
weight of chlorine is determined by titration with standard silver nitrate 
solution (373)- 

The weights of sodium and of potassium present in the residue may then 
be calculated as follows : 

If x =* the weight of NaCl in the mixed chlorides 5 
y = the weight of KC1 in the mixed chlorides ; 
a — the total weight of the mixed chlondes , 
b = the total weight of chlorine in the mixed chlorides ; 

Then: 

(1 ) x + y = a, and 

Cl Cl 35 45 35 45 

NaCl * + KCi y = 6 ; ° r 58 5 * + W y = 6 ; wl,CnC0 

(2) 0*606 * + 0 475 y = 6. 

Multiplying equation (1) by 0*606 : 

(3) 0 606 x + 0 606 y 0 600 a. 

Subtracting (2) from (3) 

0 131 0*606 a -b ; 

0 606 a - b 
01 *- ' 0 131 ' 


And from equation (1) : 

b -0 4,75 a 

y 0 131 

From these values of x and y the weights of NaCl and of KCI in the mixed 
chlorid s may be found, and from th se th3 perc ntage weights of Na and K 
in the limestone may be calculated. 

The weight of the oxide of each alkali metal which was present in the 
limestone is calculated from the weight of the metals found* * 
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430. Limestone may also contain Phosphate, Sulphate. Chloride, and Car- 
bonaceous Matter. — The phosphate may be estimated in the manner described 
under spathic iron-ore (442). 

The sulphate may be estimated by dissolving 5 grams of the limestone in dilute 
hydrochloric acid, filtering off the residue, and precipitating the S 0 4 as BaS 0 4 (133) 

The chloride may be estimated by dissolving 5 grams of the limestone m nitric 
acid, filtering off the residue, and precipitating and weighing the Cl as AgCl (149). 

In the absence of combined water the amount of caibonaceous matter may bo 
found by subtracting from the total loss of weight, caused by prolonged ignition 
to redness, the weights of moisture (420b and of CO^ (421) 

For the Results obtained by the analysis of limestone, lime and mortar refer 
to paragraphs 940, 94 1, 942. 


Analysis of Spathic Iron-orb. 

431. Spathic iron-ore consists essentially of impure ferrous carbonate. 
Its constituents are usually the same as those of limestone, but the proportion 
of ferrous carbonate is high, whereas the calcium and magnesium carbonates 
are present in small quantity only. Usually an appreciable quantity of 
manganese is present, and combined phosphorus and sulphur are frequently 
found. The phosphorus and sulphur must bo carefully estimated, since the 
value of the ore, and the process of smelting it, are influenced by the amounts 
of phosphorus and of sulphur which it contains. 

Preparation of the Ore. — Finely powder about 15 grams of the ore 
(55 56)> aI *d keep the powder in a clean, dry stoppered bottle. 

432. Estimation of Water. — Weigh out accurately about 2 grams of 
the powdered ore, and estimate the moisture by drying it at 200 ° C. in the air- 
oven (420). 

433. Estimation of Carbon Dioxide.— The amount of carbon dioxide 
is then estimated in the dry ore (432) by direct weighing (421). 

434. Estimation of Silicious Matter. — The hydrochloric acid solution, 
together with the undissolved residue from the flask (433), is evaporated with 
a little strong nitric acid. The residue is heated in the air-bath to 150 ° C. 
for an hour, and is then heated with a little strong HC 1 and some water. The 
residue, consisting mainly of silica, is filtered off, washed, ignited, and weighed 
(422). 

435. Estimation of Iron and Aluminium.— The filtrate from the silica 
(434) usually contains an appreciable amount of manganese. 
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If manganese is absent refer to 423 for the method of precipitating the iron 
and aluminium. 

If manganese is present, the iron and aluminium should be precipitated 
as basic acetates by carefully carrying out the following directions : 

Dilute the acid filtrate (434) considerably with water ; then add ammo- 
nium carbonate solution gradually, and with constant stirnng, until the 
precipitate which forms at first is redissolved with difficulty. The solution 
will now be deep brown in colour. Continue the gradual addition of ammo- 
nium carbonate solution until a very slight precipitate forms, which almost 
disappears when the liquid is stirred, the liquid remaining slightly opalescent. 

Now add a little acetic acid and a moderate quantity of strong ammonium 
acetate solution, and boil for a short time. Filter the liquid while it is hot 
(Fig. 66, p. 65), and wash the precipitate twice with boiling water. The 
filtrate and washings must be clear and colourless. Removo any manganese, 
which has been precipitated with the iron and aluminium, by redissolving 
the precipitate in hydrochloric acid, adding ammonium carbonate as before, 
and reprecipitating the iron and aluminium by again boiling the solution 
with acetic acid and ammonium acetate solution. 

The precipitate will contain the iron and aluminium as basic acetates, and 
the manganese will remain in solution. Filter, and wash the precipitate without 
intermission with hot water. Add the first portion of the washings to the 
two filtrates, and treat the liquid as is described later on (438)* This liquid 
should be perfectly colourless. 

436. Separation of the Iron from the Aluminium. — The precipitated 
basic acetates (435) may be treated by either of the following methods (a, b) 
in order to separate the iron from the aluminium 1 

(a) The precipitate is dissolved in dilute hydrochloric acid, and the iron 
and aluminium are estimated in the solution according to the directions 
already given in paragraph 424. 

(b) The precipitate is dissolved in hydrochloric acid, and the solution is 
made up to 250 c.c. with water. 

100 c.c. of this liquid are mixed with excess of ammonium hydrate solution. 
The precipitate, thus produced, is filtered off and is weighed as is described 
in paragraph 423. This will give the total weight of Fe 2 0 3 , A1 2 0 3 , and P 2 O s 
in 100 c.c. of the liquid. Keep this precipitate carefully. 

The total amount of iron is then estimated in another part of the solution. 
This is effected by reducing two separate portions of 25 c.c. each (312, 313), 
and then titrating the ferrous salt with standard dichromate solution, or by 
the special procedure described in paragraph 399. 

The weight of Fe a O f , corresponding to the Fe in the 250 c.c. of the solution 

15 
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is now calculated. By subtracting the sum of the weights of the Fe 2 0 3 and 
the P 2 0 8 (442) from the total weight of Fe 2 0 3 , A1 2 0 3 , and P 2 0 5 already found, 
the weight of the A1 2 0 3 will be obtained. The weight of P 2 0 6 is usually so 
small as to be negligible. 

437. Estimation of Iron present in the Ore in the Ferrous State. — 

The larger part of the iron in the ore is probably present in the ferrous state. 
This is estimated by dissolving 3 grams of the ore in hydrochloric acid in the 
apparatus shown in Fig. 84 or 85 (p. 165). The process of solution is carried 
out precisely as is described in paragraph 305, the ore taking the place of the 
steel there mentioned. By this procedure the ferrous compound present m 
the ore is dissolved, and its solution is diluted to a known volume, without 
the risk of changing any of the ferrous into ferric salt. The ferrous salt in an 
aliquot part of this solution is then titrated by means of potassium dichromate 
solution (306), or by the special procedure described in paragraph 399. 

438. Estimation of Manganese. — The filtrate from paragraph 435 
contains the manganese, calcium, and magnesium. Add bromine- water to 
this liquid until it acquires a permanent yellow colour ; then add excess 
of ammonium hydrate solution, and warm. The manganese will be precipi- 
tated as hydrated peroxide. Filter this off, and add to the filtrate more 
bromine-water and AmHO in order to make sure that all the manganese is 
preoipitatcd. Then wash the precipitate, dry and strongly ignite it, and 
weigh it as Mn 3 0 4 (164). 

439. Estimation of Calcium. — To the filtrate from paragraph 438 add 
a little ammonium oxalate solution. Allow the liquid to stand. Filter off 
and wash the precipitate, dry and strongly ignite it, and weigh as calcium 
oxide (147). 

440. Estimation of Magnesium. — Evaporate the filtrate from the calcium 
oxalate precipitate (439) to dryness, ignite the residue, dissolve it in dilute HC1 
and estimate the Mg as Mg 2 P 8 0 7 (165)* 

441. Estimation of the Alkali-metals.— The alkali-metals may be 
estimated, if necessary, as is described in paragraphs 428, 429. 

442. Estimation of Phosphate. — The estimation of phosphate in an iron- 
ore is of much importance. Two methods are described below [a, b), of which 
the second (b) is the more rapid and accurate, 

(a) Any phosphate, which was present in the original ore, will have been 
precipitated with the basic acetates of iron and aluminium (435). 
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The precipitate of Fe 2 0 3 + A1,0 3 , which was obtained in paragraph 435 , b 
will therefore contain the phosphate. Dissolve this precipitate by prolonged 
digestion with strong hydrochloric acid. Evaporate the solution to dryness 
on the water-bath, and dissolve the residue in nitric acid. 

Add a large excess of ammonium molybdate solution (520), and allow the 
liquid to stand in a warm place for a few hours. Pour off the clear liquid 
and warm it with fresh molybdate solution, in order to ascertain whether all 
the phosphate has been precipitated. Filter off the loose yellow preoipitate 
and wash it and rinse out the beaker with very dilute nitrio acid. Then 
dissolve the precipitate, which remains adhering to the beaker, by pouring 
in ammonium hydrate solution, and pour this off through the filter in order 
to dissolve the rest of the precipitate. Rinse out the beaker and wash the 
filter well. Add excess of magnesia mixture ( 167 ) to the solution and washings, 
and estimate the phosphate as Mg 2 P 2 0 7 ( 166 ). 

(b) The phosphate may be estimated more rapidly as follows : Dissolve 
from 3 to 5 grams of the ore in nitric acid ; boil off most of the acid ; dilute, 
filter, and precipitate the phosphate from the filtrate by the addition of a 
large excess of ammonium molybdate solution (520). Treat this precipitate 
as is described above (a), and estimate the phosphate as Mg 2 P 2 0 7 ( 166 ). 

443. Sulphate and Chloride, if they are present, may be estimated as is 
directed in paragraph 430. 

For the Results obtained by the Analysis of Spathic Iron-ore refer to para- 
graph 943. 


Analysis of Manganese- spar, 

444. Manganese- spar consists mainly of manganese oarbonate, but it usually 
contains small quantities of certain of the substances which are present in lime- 
stone (419). 

Water, Carbon Dioxide, Silicious Matter, Iron, and Aluminium are estimated 
as is described under spathic iron-ore (432, 433, 434, 435, 436). 

445. Estimation of Manganese — The filtrate, from which the basic acetates 
of iron and aluminium have been precipitated (438), is neutralised with ammonium 
hydrate. A fair amount of ammonium chloride is then added, and either a slight 
excess of freshly prepared colourless ammonium sulphide is added, or hydrogen 
sulphide is passed into the liquid to saturation. The liquid is now boiled ior ten 
minutes, more of the ammonium sulphide or hydrogen sulphide is added, and 
the liquid is filtered through a double filter. The precipitate is finally washed with 
water containing a little ammonium sulphide. 

The precipitate of MnS may then be treated by either of the folio wing methods : 



228 


GENERAL ANALYSIS. 


[446-450, 


(a) Dissolve the precipitate inhydrochlorio acid, boil off any dissolved hydrogen 
sulphide gas, reprecipitate the manganese as carbonate, and weigh it after 
ignition as Mn 3 0 4 (164). 

(b) A quicker method consists in drying the precipitate of MnS in the steam- 
oven. The precipitate is then removed from the filter as completely as possible 
and placed in a crucible, and the filter is burnt in a platinum spiral (iox) the ash 
being dropped into the crucible. The precipitate and ash are then mixed with a 
little sulphur, heated in a current of hydrogen gas (92, X0I2, 1013) until the pre- 
cipitate becomes black, and weighed as MnS. 

446. Calcium, Magnesium, Alkali-metals, Phosphate, Sulphate, and Chloride 
are estimated in the filtrate from the MnS as is described in paragraphs 
426-430. 


Analysis of Salt-cake. 

447 - Salt-cake, or commercial sodium sulphate, usually contains small 
quantities of insoluble matter, iron, aluminium, calcium, magnesium, and 
chloride. For technical purposos the minor constituents are frequently 
determined directly, and the sodium sulphate is then estimated by difference. 

448. Estimation of Moisture. — Salt-cake rarely contains any appreciable 
amount of moisture, since it has been subjected to a red-heat during its pre- 
paration ; and, moreover, crystallised sodium sulphate loses its water of 
crystallisation by prolonged exposure to the air. 

Weigh out 10 grams of the salt-cake, and heat it in the steam-oven for 
two hours. The loss of weight represents the adherent moisture. 

449. Estimation of Insoluble Matter.-— Treat the dried salt-cake (448) 
with hot water. Filter, and wash the residue with hot water until it is free 
from soluble sulphate. Dry the residue in the steam-oven, ignite it together 
with the filter (99) at as low a temperature as possible, and weigh the insoluble 
matter. 

Make up the filtrate and washings to 500 o.c. with water, mix well by 
shaking, and use aliquot portions of this solution for the estimations which are 
described below. 

450. Estimation of dissolved Iron and Aluminium.— Measure out 
200 c.c. of the solution (449) into a beaker, and heat the liquid to boiling. 
Add a little ammonium chloride solution, and then sufficient ammonium 
hydrate to make the liquid smell faintly of ammonia after it has been well 
stirred. Filter, wash the precipitate, heat it to redness (99), and weigh the 
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Al a 0 3 + Fe 2 0 3 . This precipitate is usually so small in amount that the 
separate estimation of A1 and of Fe (424) is not necessary. 

451. Estimation of Calcium.— To the hot filtrate (450) add a little 
ammonium oxalate solution, and allow the liquid to stand. Filter, wash 
the precipitate, ignite it, and weigh as calcium oxide (147)* 

452. Estimation of Magnesium.— Evaporate the filtrate (451) to dryness 
in a platinum or porcelain dish, and drive off the ammonium salts from the 
residue by ignition. Dissolve the residue in dilute hydrochloric acid, dilute 
with water, and filter if necessary. 

To the clear solution add ammonium hydrate in moderate excess, then a 
little sodium phosphate solution, and allow the liquid to stand for some hours. 
Filter, wash the precipitate with dilute ammonium hydrate solution, then 
ignite it, and weigh as Mg 2 P 2 0 7 (165), 

453. Estimation of Sodium.— Measure 60 c.c. of the original solution 
(449) into a small beaker. Stir it with pure milk of lime, which must be added 
until the liquid is distinctly alkaline (428). Boil, filter off the lime with the 
precipitate and wash it twice. Precipitate the calcium from the filtrate 
and washings by adding ammonium hydrate in slight excess, then ammonium 
carbonate, and finally a small quantity of ammonium oxalate. Filter, and 
wash the precipitate. 

Transfer the filtrate and washings to a platinum or porcelain dish, and 
evaporate the liquid after adding some sulphuric acid. As soon as nearly 
all the liquid is driven off, transfer it to a platinum crucible and continue the 
evaporation to dryness. Ignite and weigh the residual sodium sulphate (170). 

Note . — The percentage of sodium is frequently estimated by difference instead 
of directly, the sum of the percentages of the other constituents of the salt cake 
being subtracted from 100. 

454. Estimation of Sulphate. — Add to 50 c.c. of the original salt-cake 
solution (449) a little hydrochloric acid, and then barium chloride solution 
in excess. Filter ; wash, dry, and ignite the precipitate, and weigh as BaS0 4 

U33)- 

455. Estimation of Chloride. — Add to 100 c.c. of the original solution 
(449) a little dilute nitric acid. Then add silver nitrate solution in excess. 
Filter ; wash, dry, and ignite the precipitate, and weigh as AgCl (1 49). 

Far the Results of an Analysis of Salt-cake refer to paragraph 944. 
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Analysis of Silicates, which can be Decomposed by 
Hydrochloric Acid. 

456. Many natural silicates are completely decomposed when they are 
heated in a finely powdered condition for some time with strong hydrochloric 
acid. 

Many artificial silicates, such as the slags obtained in smelting iron-ores, 
“ stone-lime,” lias-lime, cements, mortars and cement mortars, are also com- 
pletely decomposed by this treatment. 

Natural silicates of this class usually consist mainly of silicates of calcium 
and aluminium, but they may also contain silicates of iron, manganese, 
magnesium, and the alkali-metals. Slags frequently contain m addition 
sulphides and phosphates. 

If the silicate cannot be completely decomposed by hydrochloric acid, 
it must be treated with fused alkaline carbonates (461, 462 et seq.). 

For special purposes, however, the portion decomposable by acid is some- 
times treated as is directed below, and only the matter left undecomposed by 
acid is subsequently treated by the fusion method. 

Cements. — In the examination of cements and of some natural silicates (457- 
459 ) will usually be necessary to determine the amount of “ soluble silica ” 
present as well as the total amount of silica. The soluble silica is that part of the 
total silica which was in combination with bases in the substance, and which after 
separation (457) di Feis by being soluble m an alkaline solution. 

Mortar and Lime — In analysing mortars and lias- or stone-lime, the following 
special procedure should bo adopted The matter so’uble in cold dilute acid is 
first removed by repeatedly Stirling with cold dilute hydrochloric acid containing 
one-tenth its volume of the strong acid : and any residue of sand or “ grit ” is 
filtered off, washed, ignited and weighed The solution is then treated as is directed 
below. In the case of old mortars and of lias-lime the “ soluble silica ” should also 
bo estimated after evaporation of the acid solution to dryness (457). 

If the nature of the insoluble matter in the mortar has to be examined, the acid 
liquids, after standi g for a minute, are poured off through a weighed filter and the 
matte is weighed : the “ grit ” which rapidly settles is then separately filtered 
and weighed : both forms of undissolved matter may now be microscopically 
examined to ascertain their nature and whether the grit particles are sharp A 
paper by Dibdin and Grimwood on the “ Analysis of Mortar ” m the Analyst for 
August 1896 may be consulted. 

457. Estimation of the Silica, Total and Soluble.— If the silicate is 
completely decomposable by hydrochloric acid, weigh out accurately from 1 to 
1*5 gram of the finely powdered substance, and heat it with a little strong 
hydrochloric acid in a covered evaporating-dish. As soon as the decomposi- 
tion is complete, evaporate the liquid to dryness on the water bath, with 
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constant stirring (210), and heat the dish in the air-bath to 150 ° C. for about 
an hour. 

Then treat the residue with hydrochloric acid, and filter off, wash, and 
weigh the silica as is described in paragraph 210. This is the total silica present 
in the substance. Reserve the filtrate and washings for subsequent use. 

Note —A portion of the silica should bo heated with hydrofluoric acid in a 
platinum dish, and the liquid evaporated to dryness. If an appreciable residue 
Is left, a fresh portion of the silicate must be treated as is directed in paragraphs 
461, 462, since complete decomposition has not been effected by the hydrochloric 
acid. 

Soluble Silica. — In order to distinguish between “ soluble silica ” or the 
combined silica which was present m silicates which have been decomposed by 
the hydrochloric acid, and “insoluble silica ” which was originally present m 
the free state in the substance, the total silica is now treated in a large platinum 
dish with a moderately strong solution of sodium carbonate for one hour at the 
temperature of boiling water. The soluble silica passes into solution and the 
residue of insoluble silica is collected on a filter, washed, ignited and weighed. 
The difference between this weight and that of the total silica is the weight 
of the “ soluble silica.” 

458. Estimation of Iron, Aluminium, and Manganese.— The method 
of procedure depends upon whether manganese is present or absent. 

(a) If Manganese is Absent , add to the filtrate from the silica (457), 
some ammonium chloride solution, and then ammonium hydrate m slight 
excess. Filter off, and wash the precipitate twice with water. Dissolve the 
precipitate in hydrochloric acid, and reprecipitate this solution as is directed 
in paragraph 423. Determine the weight of the precipitate (423), and proceed 
to separate the iron from the aluminium, if necessary, as is directed in para* 
graph 424* 

(b) If Manganese is Present , precipitate the iron and aluminium together 
as basic acotates (435), and determine the manganese in the filtrate (438). 

459. Calcium, Magnesium, Alkali-metals, and Sulphate are estimated 
as is directed in paragraphs 426-430. 

Phosphate is estimated as is directed in paragraph 442, and total Sulphur 
by paragraph 479. 

The separation of the silica must precede each of these estimations. 

For the Results obtained by the Analysis of Lime, Mortar and Cement 
aee paragraphs 941-945* 
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Analysis of Insoluble Silicates. 

460 * Most of the common silicates, such as felspar, mica, and garnet, 
contain the following metallic constituents : aluminium, iron, calcium, 
magnesium, and the alkali-metals. 

Directions for the analysis of the rarer silicates, such as beryl which 
contains beryllium, and petalite which contains lithium, will be found in special 
treatises. 

Practice in the analysis of an insoluble silicate may be obtained by 
analysing orthoclase or potash-felspar. 

461. Preparation of the Silicate. — Powder very finely about 5 grams 
of potash-felspar in the following way : Fold a small quantity of the mineral 
in a piece of brown paper, and strike it sharply with a hammer on an iron 
anvil. This will break the felspar into fragments. Next coarsely powder 
these fragments by means of the percussion-mortar ( 56 ) and finally triturate 
the particles thus obtained in the agate mortar until they are converted into 
an impalpable powder. 

The success of the analysis largely depends upon the careful reduction 
of the substance to the finest powder. The powder can only be considered 
as suitable when it passes entirely through the finest of the brass sieves which 
are mentioned in paragraph 56 . 

462. Treatment with Fused Alkaline Carbonates.— Now make a 
fusion m the following way : 

Weigh out accurately about 1*5 gram of the finely powdeied felspar into 
a platinum crucible. Add about six times its weight of finely powdered 
fusion-mixture, consisting of sodium and potassium carbonates in molecular 
proportions, and intimately mix these pow ? ders by means of a smooth rounded 
glass rod. 

Unless the crucible is a capacious one, it will be found convenient to intro- 
duce the mixture little by little during the process of fusion, since the sub- 
stance usually froths considerably. The mixture should never more than half 
fill the crucible. 

Now place the lid on the crucible, and heat it gently over the Bunsen 
flame. Gradually increase the temperature, taking care that no loss arises 
from the frothing which is caused by the evolution of carbon dioxide gas. As 
soon as the mass is fused, the crucible is kept at a bright red-heat ( 98 ) for at 
least fifteen minutes until effervescence ceases and the fused mass becomes 
tranquiL 

463. Solution of the Metals. — Allow the crucible to cool just below 
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redness, then place the bottom on an iron plate or in cold water to cause the 
mass to separate from the crucible. Now pour about 100 c.c. of water upon 
it in a deep evaporating- dish or in a shallow beaker, and either boil the water 
for half an hour or let it stand overnight. 

Then add tolerably strong hydrochloric acid gradually, keeping the vessel 
covered with a clock-glass and gently agitating the contents of the beaker 
after each addition of the acid. 

When the effervescence has ceased, and the crucible is free from all adherent 
solid, remove the crucible and its lid by means of a glass rod, and carefully 
nnse them into the main portion of the liquid with a wash-bottle. 

This treatment of the fused mass with acid will cause most of the silica 
to separate as a gelatinous mass. 

If any gritty particles are felt when the bottom of the vessel is stirred with a 
gl ss rod, the decomposition of the silicate has been incomplete. This is probably 
due to the ong nal substance not having been sufficiently finely powdered. In 
this case it is usually best to start afresh, takmg care that all coarse particles have 
been crushed m the portion of the powdered mineral which is used for the fusion. 


464 . Estimation of Silica. — The acid liquid contaimng the gelatinous 
silica ( 463 ) is then transferred to an evaporatmg-dish, preferably of platmum, 
and is evaporated to dryness upon the water-bath. As soon as the contents 
of the dish become thick and pasty, they should be continually stirred with 
a rounded glass rod in order to prevent the formation of lumps ( 210 ). 

When all the liquid has been driven off, the contents of the dish will be 
in the state of a fine powder. The dish is now placed in an air-bath (73> d)> 
and heated to 150° C. for about an hour, or until no moisture is deposited upon 
a cold clock-glass when it is placed upon the dish for a few seconds. 

The dish is then allowed to cool, and its contents are moistened with strong 
hydrochloric acid. After it has been allowed to stand for some time it is heated 
on the water- bath for about half an hour, a small quantity of hydrochloric 
acid being occasionally added. 

Hot water is now added, and the acid liquid is decanted off through a 
filter. This operation is repeated three times. The silica is finally transferred 
to the filter and washed free from dissolved chloride, and is then dried in the 
steam-oven. 

The precipitate is now transferred to a platinum crucible cautiously, since 
it consists of very light powder which is easily blown away, and the filter-ash 
is added (IOI). The crucible is covered with the lid and is heated very gently 
at first ; the temperature must be only gradually raised, else the escaping 
steam may carry some of the fine light powder away with it. The crucible 
is finally heated to full redness over the Bunsen fiame, and is weighed when 
eold (see Note 1 , 210 ). 
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The purity of the silica should be tested as is described in paragraph 210 
{Note 2) 

465* Estimation of Iron and Aluminium. — The filtrate from the silica 
(464) is mixed with ammonium chloride solution, and then with ammomum 
hydrate in slight excess ; and the iron and aluminium hydroxides, of which 
the precipitate consists, are filtered off and estimated (423). They may then 
be separated, if necessary, according to the directions m paragraph 424* 

466. Estimation of Calcium.— If the volume of the filtrate (465) is very 
large, evaporate the liquid down to a convenient bulk. Then add a little 
ammonium hydrate, if necessary, to render the liquid alkaline, and then a 
slight excess of ammonium oxalate. Allow the liquid to stand ; then filter, 
and weigh the calcium as oxide after ignition (147). 

467. Estimation of Magnesium.— Evaporate the filtrate and washings 
from the calcium oxalate precipitate (466) to dryness, igmte the residue, dis- 
solve it in dilute HC1, and estimate the magnesium as is described in para- 
graph 427. 

468. Estimation of the Alkali-metals. — Since the silicate has been 
treated with sodium and potassium carbonates, the alkali-metals cannot be 
estimated in the filtrate from the magnesium (467)- A separate portion of the 
felspar must accordingly be used for the determination of the alkali-metals. 

Weigh accurately about 1*5 gram of the finely powdered felspar into 
a platinum crucible. Mix this intimately with 1*5 gram of pure recrystallised 
ammonium chloride (107) and 9 grams of pure calcium carbonate (109)* 

Now heat the crucible over a small Bunsen flame for about fifteen minutes, 
and then maintain the temperature at dull redness for an hour. Or inclose 
the crucible in a clay crucible containing a little calcined magnesia or lime 
at the bottom and round the sides, and heat it m a gas-furnace. 

Place the cold platinum crucible in hot water in a covered platinum or 
porcelain dish, and boil for a time. This will dissolve out the alkaline chlorides 
together with some calcium hydrate. Filter, wash, and mix the filtrate and 
washings with ammonium hydrate and ammonium carbonate solutions in 
excess, and then with a few drops of ammonium oxalate solution. Allow the 
liquid to stand, filter into a platinum or porcelain dish, evaporate the filtrate 
to dryness, and heat the residue short of redness, but sufficiently strongly to 
drive off the ammoniacal compounds. 

Dissolve the residue in water, and add a few drops of ammonium hydrate 
and ammonium oxalate solutions in order to precipitate any trace of calcium 
which may still remain in the solution. Filter, add a few drops of HC1 to the 
filtrate, and evaporate it to dryness m a weighed dish. Ignite the residue 
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gently, and weigh it, repeating the ignition until the weight is constant. 
The weight of the residue gives the weight of the potassium and sodium 
chlorides. 

Dissolve the residue in water ; and either estimate the potassium chloride 
and find the weight of the sodium chloride by difference (429, a) ; or determine 
the total chlonne gravimetrically (149) or volumetrically (373)> an< * calculate 
the weights of the chlorides (429, b). 

The weights of the oxides corresponding to those of the chlorides found are 
then calculated. 

Note — When very accurate results are required, and the proportion of alkali* 
metals present is small, it is essential to cairy out a blank determination as is 
directed above in which no mineral is used, and to subtract the amount of alkali- 
metal thus found from the result obtained m the analysis of a mineral. 

For the Results of Analysis of Portland Cement and Felspar refer to para 
graphs 945, 946. 


Analysis of Glass. 

469. Glass consists essentially of the same constituents as most of the 
natural insoluble silicates (460). Common glass is mainly composed of silicates 
of sodium and calcium, but it may also contain aluminium, iron, manganese, 
and potassium. In flint glass the calcium is replaced by lead. 

The analysis of glass is carried out in the same way as the analysis of 
felspar (461-468). If, however, lead or manganese is present, the following 
special procedure is necessary : 

Separate the silica as is described in paragraph 464. Then precipitate 
the lead by passing hydrogen sulphide through the acid filtrate from the 
silica. Filter off, wash and dry the lead sulphide, and convert it into lead 
sulphate by heating it with strong nitric acid and adding a little dilute sul- 
phuric acid. Dilute, filter, and ignite and weigh the PbS 0 4 (l6l). 

Boil the filtrate from the PbS until the excess of hydrogen sulphide is 
removed ; then boil after adding a few drops of strong HN 0 3 , and piecipitato 
the iron and aluminium as basic acetates (435), separating them, if necessary, 
as is described in paragraphs 424, 436* 

Precipitate the manganese as hydrated peroxide, by adding bromine- 
water in excess and then ammonium hydrate in excess and boiling. Filter 
off the precipitate, igmte it, and weigh as Mn 3 0 4 (438). 

Then estimate the calcium and magnesium in the filtrate, as is directed 
in paragraphs 439, 440. 
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The alkali-metals must be estimated in a separate portion of the glass, 
according to the directions given in paragraph 468* 

For the Results of an Analysis of Glass refer to paragraph 947 . 


Analysis of Zinc-blende. 

470 . Zinc-blende consists essentially of zinc sulphide, which is, how ever, 
commonly associated with galena or lead sulphide, and occasionally with 
calamine or zmc carbonate. The ore may also contain iron, aluminium, 
manganese, copper, and cadmium. 

471 . Estimation of Moisture. — The moisture is usually adherent only, 
and is not combined. 

Weigh out accurately about 1*5 gram of the finely powdered ore into 
the watch-glasses and clip, and heat this in the steam -oven until the weight 
becomes constant. The loss gives the amount of moisture, 

472. Solution of the Ore. — Transfer the dried ore ( 471 ) to a 600 cc, 
beaker, covered with a clock-glass. Then add a little strong hydrochloric acid 
and heat gently for some time covering the beaker with a clock-glass, since 
effervescence will take place if carbonate is present. 

As soon as hydrogen sulphide ceases to be evolved, add more strong hydro- 
chloric acid and about an equal volume of nitric acid ; and when the ore is 
completely dissolved, transfer the liquid to a porcelain dish and evaporate 
it to dryness on the water-bath. 

473. Estimation of Silicious Matter and Lead.— Heat the residue for 
some time in the air-bath at 150° C. in order to render the silica insoluble. 
Then moisten the dry residue with strong hydrochloric acid, and dilute with 
a little water. Next add a few c.c. of strong sulphuric acid, and heat gently on 
the sand-bath until the hydrochloric and nitric acids are removed and white 
fumes of sulphuric acid are seen. Again dilute with water and filter, washing 
the residue on the filter with water containing a few drops of sulphuric acid, 
and finally with methylated spirit until all the acid is removed. Add the 
first washings to the filtrate and keep this liquid for paragraph 474, but reject 
the alcoholic washings. 

The residue on the filter consists of gangue or earthy matter, silica, and 
lead sulphate ; dry it in the steam-oven, then ignite it apart from the filter 
(I0I-I05), and weigh after converting any lead, which has been reduced by 
the incineration of the filter, into sulphate (l6l). 
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Dissolve out the lead sulphate from this residue by boiling it with ammonium 
acetate solution made alkaline with ammonium hydrate. Repeat this treat- 
ment with fresh portions of the solvent until no lead can be detected in a drop 
of the aoetate solution, when it is tested with ammonium sulphide. Again 
dry the residue, then ignite (99) an d weigh it as silicious matter. 

The loss of weight which the residue has suffered by being treated with 
the ammonium aoetate solution represents the amount of lead sulphate which 
it contained. 

474. Estimation of Copper.— To the filtrate from the first residue (473) 
add a little dilute hydrochloric acid, and saturate the liquid with hydrogen 
sulphide. Then filter at once, keeping the funnel covered with a glass plate, 
and washing rapidly with water containing a little hydrogen sulphide. These 
precautions are necessary in order to prevent the oxidation of the CuS into 
soluble CuS 0 4 by exposure to the air. The filtrate and washings should be 
again tested with hydrogen sulphide, in order to make sure that no copper 
remains in solution. 

If cadmium is not to be estimated ( 475 ) copper is at once converted 
into cuprous sulphide, Cu 2 S, and weighed as such. For this purpose the 
precipitate is dried in the steam-oven. The filter is burnt by itself m a Rose’s 
crucible (92), the precipitate is added to the filter- ash, and some powdered 
redistilled sulphur is also mixed with the precipitate. This mixture is then 
heated in a current of hydrogen (1012, IOI3) as long as sulphur vapour escapes, 
and the residue of Cu 2 S is allowed to cool in the stream of hydrogen, and is 
weighed (496). 

475 * Estimation of Cadmium. — If any cadmium is present in the ore, 
the precipitate obtained by hydrogen sulphide (474) will contain both CuS 
and CdS. This precipitate is boiled with dilute sulphuric acid in order to 
dissolve out the CdS, and the copper, which remains as sulphide, is estimated 
as is described above. The acid filtrate, containing the cadmium, is neutra- 
lised with ammonium hydrate, and the cadmium is precipitated as sulphide 
by passing hydrogen sulphide gas. The CdS is then estimated as is described 
in paragraph 192. 

476. Estimation of Iron.— Boil the filtrate from the CuS (474) until the 
hydrogen sulphide is removed, and then add barium chloride solution in 
sufficient quantity to precipitate the whole of the sulphate present. 

The removal of sulphate is necessary in order to prevent the subsequent precipi- 
tation of basic ferric sulphate with the basic ferric acetate. The basic ferric sulphate 
precipitate is with difficulty converted completely into Fe a 0 3 by ignition. 

Filter, and add ammonium carbonate solution to the filtrate, drop by drop, 
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until a very faint turbidity remains after the liquid has been well stirred, and 
boil after adding ammonium acetate solution containing a little free acetio 
acid (435)- 

Filter the boiling liquid, using the funnel- jacket (Fig. 66, p. 65) ; then 
wash the precipitate twice, and dissolve it in hydrochloric acid. Add 
ammonium carbonate in slight excess and reprecipitate the iron with 
ammonium acetate as is described above. Filter, wash, dry, and ignite the 
precipitate (99), and weigh the iron as Fe 2 0 3 . 

The above double precipitation is necessary in order to remove small 
quantities of zinc and manganese which are precipitated with the iron. 

477. Estimation of Manganese. — Mix together the filtrates and wash- 
ings (476), which contain both the manganese and the zinc, and treat the 
liquid with a little bromine-water ; then add excess of ammonium hydrate, 
and boil. Filter off the precipitate ; wash, dry, and ignite it, and weigh as 
Mn 3 0 4 . 

478. Estimation of Zinc.— -Mix together the filtrate and wash- 
ings (477), which contain the zinc, and treat the liquid in one of the three 
following ways (a, b, c): 

(a) Make the liquid up to a known volume, and titrate either with 
potassium ferrocyanide (378), or with sodium sulphide solution (379)* 

(b) Precipitate the zinc as sulphide by adding a slight excess of colourless 
ammomum sulphide, and weigh it as ZnS (509, a). 

(c) Instead of weighing the ZnS (b), dissolve it in hydrochloric acid, boil 
the solution until it no longer evolves H 2 S, precipitate the zino as carbonate, 
and weigh it as oxide (163). 

479. Estimation of Sulphur. — Weigh out accurately about 1 gram of the 
finely powdered ore into a platinum or nickel crucible, and mix this intimately 
with six times its weight of finely powdered sodium peroxide free from metallic 
sodium (141). Then heat the crucible over a small Bunsen flame, gradually 
raising the temperature until the mass fuses, and maintaining the substance 
in a fused condition for several minutes. 

Extract the cold mass with water, and remove lead, if it is present, by 
acidifying the solution with nitric acid and boiling with excess of sodium 
carbonate solution. Filter, wash the residue, acidify the filtrate and washings 
with dilute hydrochlorio acid and estimate the sulphur as BaS0 4 (133). 

The method of treatment with strong nitric acid and bromine, which is 
described in paragraph 142, may replace the above treatment with sodium 
peroxide. 
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480. Estimation of Carbon Dioxide.— If carbonate is present 4 grams 
of the finely powdered ore are heated with dilute sulphuric acid, in which some 
chromic anhydride (527) bas been dissolved : and the carbon dioxide, which 
is evolved, is absorbed and weighed (175)* The carbon dioxide should bubble 
through some solution of chromic acid before it passes into the absorption 
tubes. 

The use of chromic acid and anhydride prevents the evolution of H a S 
and its absorption by the soda-lime. 

For the Results of an Analysis of Zinc-blende refer to paragraph 948. 


Analysis of Galena. 

481. Galena consists essentially of lead sulphide ; but it may also contain 
silicious matter, silver, copper, antimony, and zinc. 

The estimation of the percentage of silver is frequently of great importance. 
The amount is not usually sufficiently great to be accurately estimated by 
precipitation (484), and should be found by means of the dry assay methods 

(572-577)- 

482. Estimation of Moisture. — The moisture present in galena is hygro- 
soopic, and is usually small in amount. Weigh out accurately about 1*5 
gram of the finely powdered ore, and heat it in the steam-oven until its weight 
becomes constant. The loss of weight represents the moisture. 

483. Estimation of Silicious Matter and Lead.— Heat the dry ore 
(482) with strong nitric acid. This operation is best performed in a 300 c c. 
flask, in the neck of which a small funnel has been placed (Fig. 34, p. 36). As 
soon as the evolution of red fumes ceases, allow the contents of the flask to 
cool, add about 1 c c. of bromine, and warm the liquid until all the sulphur 
is oxidised and the lead is converted into lead sulphate. 

Now add a small quantity of sulphuric acid and evaporate the liquid, 
together with the undissolved matter, in a dish. Then heat the residue on 
the sand-bath, until dense white fumes of sulphuric acid are evolved. This 
will render the silica insoluble. Dilute with water, filter, wash the residue with 
water containing sulphuric acid, using as little washing- water as possible, and 
keep the filtrate and washings after mixing them together. Finally wash the 
residue further with methylated spirit until all the acid is removed, and reject 
the alcoholic washings. 

Ignite the residue apart from the filter (I0I-I05) m a porcelain crucible, 
then add the filter-ash, and weigh. Now dissolve away the lead sulphate 
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from the gangue by mean? of alkaline ammonium acetate solution, as is 
described in paragraph 473, and weigh the residue of silica. The weight of the 
lead sulphate is found by difference. 

484. Estimation of Silver.— To the filtrate from the silica and lead (483) 
add a few drops of hydrochloric acid, and allow the liquid to stand in a warm 
place for several hours. Filter, wash the silver chloride precipitate, and 
determine its weight (158)* 

Other methods for estimating the silver are given in paragraphs 372 and 375 . 
If the quantity of silver chloride obtained is too small to be accurately weighed, the 
weight of the ore which is used for this particular determination must be increased : 
but it is preferable to estimate the silver together with the lead by the dry assay 
methods ( 572 - 577 ). 

A percentage of silver as low as 0 001 may be profitably extracted from galena, 
hence great care must be taken to determine accurately even minute amounts of 
silver in this ora 

485* Estimation of Copper. — Into the filtrate from the silver chloride 
(484) pass hydrogen sulphide gas to saturation. Allow the liquid to stand, 
and filter off the precipitated sulphides of copper and antimony. Wash the 
precipitate with water containing hydrogen sulphide as expeditiously as 
possible, taking care to cover the funnel with a glass plate so as not to expose 
the precipitate unnecessarily to oxidation by the atmosphere. Keep the filtrate 
and washings. 

Digest the precipitate on the water- bath for half an hour with sodium 
sulphide solution, prepared as is directed in paragraph 379, then add water and 
filter. Ammonium sulphide cannot be used, since CuS is slightly soluble in 
this reagent. The residual precipitate left upon the filter consists of copper 
sulphide ; this is converted into Cu 2 S (496), and the copper is weighed as such, 

486. Estimation of Antimony.— The sodium sulphide filtrate will contain 
the antimony. Acidify the solution with hydrochloric acid and saturate it 
with H 2 S : then filter off the antimony sulphide, convert it into Sb a 0 4 (198). 
and weigh the antimony as such. 

487. Estimation of Iron and Aluminium.— Boil off the hydrogen sulphide 
from the filtrate and washings (485)* add a few drops of nitric acid to convert 
the iron into the ferric state, then add ammonium chloride solution and a 
slight excess of ammonium hydrate. Filter, wash the precipitate twice, 
redissolve it in hydrochloric acid, and precipitate this solution again with 
ammonium hydrate. Filter off the precipitate, dry and ignite it, and weigh 
as Fe a O a + AI a O a . The two filtrates and washings are mixed together and 
are used as in the following paragraph. 
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488. Estimation of Zinc.— To the hot filtrate add a slight excess of freshly 
prepared colourless ammonium sulphide, boil, and estimate the Zn as ZnS 

( 509 * *)• 

489. Estimation of Sulphur. — Weigh out accurately 1 gram of the finely 
powdered galena, fuse it with sodium peroxide (479), and estimate the sulphur 
as BaSO*. 

For the Results of an Analysis of Galena refer to paragraph 949 . 


Analysis of Copper-pyrites. 

Copper-pyrites is the most common ore of copper. It consists essen- 
tially of a double sulphide of copper and iron, haying the formula CuFeS 2 . 
The ore, however, usually contains siheious matter and small quantities of 
lead, bismuth, arsenic, antimony, manganese, and zinc, and occasionally 
nickel and cobalt. 

A qualitative analysis of the ore should always precede the quantitative 
estimations. 

490. Estimation of Moisture.— The finely powdered pyrites is heated in 
steam -oven until its weight becomes constant ; the loss of weight represents 
the moisture. 

491. Estimation of Insoluble Matter.— Weigh out accurately about 
1 gram of the ore into a porcelain evaporating-dish. Pour upon it a mixture 
of 3 parts of nitric acid and 1 part of hydrochloric acid, cover the dish with an 
inverted funnel to prevent loss by spirting, and heat it on the water-bath. 
As soon as all the sulphur, which separates out at first, is dissolved, evaporate 
to dryness twice with HCI in order to remove the HN0 3 and to render the 
silica insoluble. 

Moisten the residue with strong HCI, then add water and heat, and 
filter off and wash the residue, reserving the solution and washings for 492. 
The residue will consist of silica and gangue, and will probably contain some 
lead sulphate. Dissolve away the latter with alkaline ammonium acetate 
solution (473), rejecting the solution. Then wash, dry, ignite (99) and weigh 
the residue. 

492. Estimation of Sulphur.— One of the following methods a> b) 
may be used. 

(a) Add to the filtrate (491) a little tartaric acid to prevent the preci pita- 

10 
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tion of iron and aluminium, heat it to boiling, precipitate the sulphate with 
barium chloride, and filter off, wash and weigh the BaS 0 4 (133). 

( 1 >) A more rapid method of estimating the sulphur consists in treating 1 
gram of the finely powdered ore with fused sodium peroxide (141), or with 
strong mtnc acid and bromine (142), as is described in paragraph 479. 


493. Estimation of Copper, Lead, Arsenic, and Antimony in the 

hydrogen sulphide precipitate. 

Dissolve 2 grams of the powdered ore in red fuming nitric acid, of 1*5 
specific gravity ; add a few c c. of strong sulphuric acid, and evaporate until 
dense white fumes appear. Treat the residue with hydrochloric acid, then 
add water and allow it to stand. Filter off and wash the lesidue, and estimate 
the lead sulphate as is directed m paragraph 473, adding tho PbSO, found to 
that found below. 

Pass hydrogen sulphide through tho filtrato to saturation until the 
sulphides of copper, lead, aisenic, and antimony aie precipitated. Then filter, 
pass H 2 S again through the boiling filtrate, and pour it once more through the 
filter if necessary. Wash the precipitate with water containing hydrogen 
sulphide, and reserve the filtrate and washings for paragraph 494. 

Arsenic and Antimony. — Heat the sulphide precipitate with sodium 
sulphide solution (379) in order to dissolve the sulphides of antimony and 
arsenic, then dilute and filter, reserving tho residue of PbS and Cu>S. 

Acidify tho filtrate with HC 1 , pass H 2 S and filter. Dissolve the sulphides, 
thus precipitated, by heating them with HC 1 and a little KC 10 3 . Add solutions 
of tartaric acid and of AmCl in order to keep the Sb in solution, and then add 
excess of AniHO. No precipitate will form, if sufficient H 2 T and AmCl have 
been added. Now add magnesia mixture (l 67 )» filter off, and weigh the As 
os Mg 2 As 2 0 7 (169). 

Acidify the filtrato from the arsenate, and precipitate the Sb as sulphide 
by passing hydrogen sulphide; then convert tho sulphide mto Sb 2 0 4 (198), 
and weigh tho oxide. 

Lead. — Dissolve the copper and lead sulphides, which remained after 
extraction with sodium sulphide solution, in nitric acid. Evaporate the solu- 
tion nearly to dryness, dilute with water, add a few drops of dilute sulphuric 
acid, and allow tho liquid to stand. Filter, and wash the lead sulphate with 
a little water acidified with sulphuric acid, keeping tho filtrate and washings. 
Finally wash out the acid from the filter with methylated spirit, rejecting the 
washings. Then ignite and weigh the PbS 0 4 (l6l), add this to the weight 
found in the residue above, and calculate the weight of lead present in the ore. 

jCopper, — Precipitate the copper in the filtrate jrom the PbS 0 4 by sodium 
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hydrate, and estimate it as CuO ( 126 ) ; or better precipitate it as CuS by 
hydrogen sulphide and weigh it as Cu 2 S ( 496 ). 

494 . Estimation of Iron, Manganese, and Zinc.— Oxidise the original 
hydrogen sulphide filtrate ( 493 ) by heating it with a little nitric acid, and 
precipitate and estimate themetals as is directed under zinc-blende ( 476 - 478 ). 

For the Results of an Analysis of Copper-pyrites refer to paragraph 950. 


Analysis of Brass. 

495- Brass is an alloy consisting mainly of copper and zinc, but small 
quantities of lead and iron are usually present. 

Preparation of the Sample . — The sample for analysis should be removed 
with a drill, since if a file is employed its teeth are apt to be broken off and to 
increase the proportion of iron in the filings. 

Solution of the Alloy . — Dissolve 2 grams of the metal in 10 c.c. of nitric acid, 
of 1*42 specific gravity, m a lipped beaker covered with a clock-glass. When 
all action has ceased remove and rinse the clock-glass, add 10 c.c. of strong 
sulphuric acid, and evaporate until white sulphuric acid fumes are evolved. 
Then cool, dilute with cold water to 150 c.c., filter off the PbS0 4 and weigh 
it if it is sufficient in quantity ( 498 ), and dilute the filtrate to 500 c.o. 

496 . Estimation of Copper as Cu 2 S.— To 250 c.c. of this solution, which 
correspond to 1 gram of the alloy, add 40 c.c. of hydrochlorio acid of IT specific 
gravity ; then dilute with boiling water to about 500 c.c. in a largo beaker, 
pass H 2 S through the boiling liquid for half an hour, and filter, washing the 
precipitate four times with warm H 2 S water. 

Remove the precipitate to a porcelain dish, and dissolve it in nitric acid 
to which a little bromine has been added, keoping the dish covered. Then 
remove the excess of nitric acid and bromine by evaporation over a steam- 
bath. Dissolve the residue in 40 c.c. of hydrochloric acid of IT specific gravity, 
transfer the solution to the beaker, dilute with hot water to about 500 c.c. 
and reprecipitate the copper with H 2 S. 

This double precipitation of the copper is necessary in order to separate a small 
quantity of ZnS which is at first precipitated with the CuS. 

Filter, and wash the precipitate with H 2 S water until the washiqgs, after 
being freed from H a S by boiling, give no milkiness with silver nitrate solution. 
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Estimation of Cu as Cu z 8. — Dry the precipitate of CuS and detach it from 
the filter, bum the filter in a Rose crucible (92), then add the precipitate 
together with a little powdered redistilled sulphur, cover the crucible with the 
lid and tube, and pass a gentle stream of pure dry hydrogen (1012, 1013). 

Heat the crucible gently until the flame of burning sulphur has nearly 
disappeared, then raise the temperature to full redness, and finally ignite 
strongly (98) for about five minutes. Let the residue cool m the stream of 
hydrogen until the crucible can be handled with comfort, then allow it to 
cool completely in the desiccator and weigh it. Now add a little more pure 
sulphur and repeat the ignition in hydrogen until the weight is constant. 

From the weight of Cu 2 S thus obtained, the percentage of Cu in the alloy 
is calculated. 

An Alternative Method of determining the copper is to precipitate it as 
cuprous thiocyanate (408) from 50 c.c. of the original solution of the alloy (495). 
See also paragraphs 396, 397. 

497. Estimation of Zinc. — Boil down the two filtrates and the washings 
from the CuS precipitate (496) in a large basin until all the hydrochlonc acid 
is expelled, and sulphuric acid is the only free acid remaining. Dilute with 
water to about 300 c.c., add a solution of pure sodium hydrate until the acid 
is nearly neutralised, then add pure solid sodium carbonate in excess and 
boil. 

Filter off the precipitate of ZnC0 3 and Fe(OH) 3 , and wash it with boiling 
water until the washings give no trace of cloudiness with barium chloride 
solution even after standing. Dry the precipitate, and ignite and weigh 
as ZnO (163) and Fe 2 0 3 . 

The weight of ZnO is subsequently found by deducting from this weight 
the weight of Fe 2 0 3 found m 499, and the percentage of Zn in the alloy is then 
calculated. 

498. Estimation of Lead. — Dissolve 5 grams of the alloy m 20 c c. of mtrio 
acid of 1*42 specific gravity, stir in gradually 15 c.c. of concentrated sulphuric 
acid, and evaporate the liquid with constant stirring until white sulphunc acid 
fumes are copiously evolved. Cool the residue, dilute it with cold water to 
about 225 c.c., and stir until all is dissolved except PbS0 4 . Filter, and v/ash 
with water containing a little sulphuric acid until the copper is removed, 
reserving the filtrate and washings. Then wash out the acid from the filter 
with alcohol, rejecting the alcoholic washings. 

Finally dry, ignite, and weigh the PbS0 4 (l6l), and from this calculate the 
percentage of Pb in the alloy. 

499. Estimation of Iron.— Add to the filtrate and the washings from 
498 a large excess of ammonia, and filter. Wash with water containing 
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ammonia until the washings cease to be blue. Dissolve the precipitate in the 
filtei with hydiochlonc acid, and wash the filter with cold water. Then dilute 
the solution and washings to about 200 c.c., add ammonia solution to the cold 
liquid until it is nearly neutralised, but no permanent precipitate is formed. 

Now add some ammonium acetate, boil and filter, using the same filter 
as before, and wash the precipitate. Again dissolve the precipitate in hydro - 
cliloiic acid, and precipitate the ferric hydrate by adding ammonia solution. 
This rcprccipitation is necessary in order to remove zinc from the ferrio 
hydrate. 

Finally filter ; then wash the precipitate, dry and ignite it, and weigh as 
Fe,0 3 (129). From this weight calculate the percentage of Fe in the alloy. 

For the Results of an Analysis of Brass refer to paragraph 951. 


Analysis of Alloys containing Tin and Antimony. 

Bronze is an alloy consisting chiefly of copper and tin, but other metals 
may be present as well. 

Type-metal and the various antifriction metals consist mainly of lead, 
antimony, and tin, and may also contain copper and traces of iron. 

Solder and pewter are alloys of tin and lead, in which traces of antimony, 
arsenic and copper may be present. 

Note . — Provision is made in paragraphs 500-503 for the complete gravimetric 
analysis of these alloys, but this is a tedious process owing to the difficulty in 
filtcnng off the precipitated tin sulphide 

Paragraphs 504, 505 provide for a much more rapid volumetric estimation of 
tin and of antimony. 

500. Precipitation with Hydrogen Sulphide.— Dissolve 1 gram of the 
alloy in aqua regia, add 10 grams of pure tartaric acid dissolved m a little hot 
water, and make the solution alkaline by the addition of pure sodium hydrate 
solution. 

Pour this liquid into a basin containing 3<! grams of the pure sodium 
hydrate dissolved in about 500 o.c. of water. tf*at the liquid until it boils 
gently, and pass a rapid stream of H 2 S until the liquid is saturated, keeping 
the basin covered with a perforated glass plate. Filter, wash the precipitate 
with hot dilute sodium sulphide solution (379)* an< * then once with boiling 
water. Reserve the filtrate and washings for paragraph 502, and treat the 
precipitate as follows (501)* 


50X. Estimation of Lead, Copper, Zinc, and Iron.— Dissolve the prp 
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cipitated sulphides (500) in nitric acid, evaporate until the liquid becomes 
syrupy, dilute with water, filter off any trace of Sn 0 2 which may have been 
originally precipitated as sulphide by H 2 S, and reserve this precipitate to bo 
added to the main quantity of SnS. 

Assuming that the filtrate contains lead, copper, zinc, and traces of iron, 
these metals may be estimated by evaporating with sulphuric acid to separate 
lead (498), then precipitating the copper from the filtrate with H 2 S (496), 
throwing down the zinc and non with sodium carbonate (497)» and estimating 
the iron separately (499)* 

502. Estimation of Antimony.— Make the alkaline filtrate (500) distinctly 
acid with hydrochlouc acid, which must be added cautiously and with con- 
tinual Stirling, and allow the liquid to stand at a gentle heat until the precipi- 
tate has completely sepaiated. Filter, and wash the precipitate four times 
with cold II 2 S water, letting the washing- water drain away completely each 
time. Add a little NaCl to the water usod for washing, if the precipitate 
shows any tendency to pass through the filter. 

Now remove the precipitate from the filter by means of a platinum spatula 
into a porcelain basin, using hot hydrochloric acid to dissolve off the traces 
w hich adhere to the paper. Pour some more hydrochloric acid into the basin, 
then cover it and heat gently, adding occasionally a small crystal of potassium 
chlorate, seven parts of the chlorate being used for one part of tin or of 
antimony (Note). Boil the liquid gently to expel chlorine, remove the cover, 
linsmg it into the dish, filter into a flat porcelain dish and evaporate to about 
5 c.c. 

Add a clear hot solution containing 20 grams of pure oxalic acid, transfer 
the liquid to a tall beaker, dilute with boiling w r ater to 300 c.c., and pass a 
rapid current of 1 I 2 S through the boiling solution until the Sb 2 S 3 has com- 
pletely separated. This usually requires about twenty minutes. Filter at 
once thiougti a weigned filter-paper, wash the Sb 2 S 3 thoroughly with hot water, 
and dry it. Reserve the filtrate and washings for the estimation of tin (503). 

Digest the diy filter and precipitate m‘somo pure carbon disulphide, 
contained in a very small beaker, in order to dissolve out free sulphur (193). 
Then place the filter m a funnel and wash it with CS 3 . Dry the filter and its 
contents at a gentle heat, and then at 130 ° C. until the weight is constant, 
icfemng to paragiaph 87 for a method which avoids charring the filter. 

Fiom the weight of Sb 2 S 3 thus obtained, calculate the percentage of Sb 
in tho alloy. 

Note —The KCIO3 is added to form double chlondes of K with Sn and Sb which 
are not decomposed by evaporation, the loss of*SnCl 4 and SbCl, during evaporation 
la thus prevented, 

503* Estimation of Tin.— Before the tin is precipitated from the filtrate 
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( 502 ) it is necessary to destroy the oxalic acid. For thus purpose transfer 
the liquid to a large porcelain basin, add hydrochloric acid in excess, heat, 
cover the basin, and add solid KMn0 4 by degiees until a small precipitate of 
Mn0 2 remains which does not dissolve on boiling even when more hydroeh lone 
acid is added. Rcdissolvc the Mn0 2 by adding a few drops of FeSO* solution, 
then pour the clear hot solution into a flask and pass II 2 S to precipitate the 
tin. 

Allow the precipitate to settle, syphon off the clear liquid, collect the 
precipitate on a filter, and wash it with H 2 S water containing a little ammo- 
nium nitrate. After this precipitate, consisting of SnS mixed w ith S, has been 
thoroughly washed, dry it, and add to it any Sn0 2 which has been previously 
obtained ( 501 ). Then convert the w'holo by igmtion m an open crucible into 
Sn0 2 (201), and weigh this. 

From the weight of SnO, thus obtained,* the percentage of Sn in the alloy 
is calculated. 

For Results of Analyses of Bronze, Type-metal and White-metal refer to 
paiagiaplis 952, 953, 954. 


Volumetric Estimation of Tin and of Antimony in Alloys. 

504. Estimation of Tm. — This metal is estimated by titration with ferric 
chloiide solution in a solution icndcred stiongly acid with hydrochlonc acid. 

Simple alloys, like soldei and pewter, which contain only traces of arsenic, 
antimony, and copper, may bo dissolved by heating them with strong If Cl, 
and the solution may be at once titrated : but alloys which contain the above 
three metals m some quantity, such as antif 1 iction metals, must be flisfc 
dissolved, and the tin must then be precipitated as metal from the solution 
and redissolved in hydrochlonc acid for the titration. 

It is olnious that suitable precautions must bo taken to prevent contact 
with atmospheric oxygen during the process of solution and of titration: 
his may bo most easily secured by passing a continuous stream of carbon 
dioxide through the flask in which the processes are carried out. 

The Standard Ferric Chloride Solution is most conveniently prepared by 
dissolving about 180 grams of the yellow lump salt, which consists approxi- 
mately of FcC1 3 .6H 2 0, m 200 c.c. of strong hydrochloric acid, and 
evaporating the solution just to dryness in older to remove nitric acid 
and arsenic. The residue is then dissolved in ,100 c.c. of strong hydrochloric 
acid and the solution is diluted to two litres. 1 c.c. of tins solution roughly 
corresponds to 0*02 gram of tin. 
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The solution is standardised by titrating it with a solution of I gram of 
pure tin in hydrochloric acid, prepared by the process which is described 
below for dissolving the alloy (a). 

The procedure with an alloy will depend upon whether it is completely 
soluble in boiling strong hydrochloric acid (a), or is not completely dissolved 
by that acid (b). 


(a) The Alloy is completely soluble in Boiling Strong HCL— Ono 
gram or more of tho alloy, m the form of filings or fine turnings, is weighed 
exactly and is placed in a 250 c.c. flask fitted with two tubes in a rubber 
stopper, by means of which a constant stream of carbon dioxide is passed 
through it. 200 c.c. of strong hydrochloric acid are then introduced, and the 
flask is heated until the alloy is completely dissolved ; the boiling liquid is 
then titrated rapidly with the above standard ferric chloride solution, the con- 
clusion of the process being indicated by the appearance of a permanent 
yellow colour m the liquid. 

It is impoitant that the liquid should bo kept as hot as possible during the 
titration, since the reaction then proceeds more quickly and the colour indica- 
tion is also much more delicate at the conclusion, one drop of the ferric 
solution sufficing to produce the yellow tint. The coloration can only be 
seen by daylight or white light. 

Note . — The presence of tho chlorides of lead, zinc, aluminium, cobalt, nickel, 
cadmium, or of ferrous, antimomous or cupious chloride does not affect the quantity 
of feme chlondo used in tho titration, although the presence of ferrous chloride 
in any quantity somewhat retards the process and diminishes the delicacy of the 
final colour indication. 


(b) The Alloy does not Dissolve Completely in Boiling Hydro- 
chloric Acid, but a Black Powder Remains.— The black residue consists 
of antimony, copper and arsenic, and contains a small amount of occluded tin. 

If the amount of tho residue does not exceed 5 per cent, of the alloy, a 
close approximation may be made in the estimation of the tin by dissolving 
it out of the alloy as is directed under (a), and then carefully titrating the 
decanted clear liquid together with tho washings of the black residue with 
hot hydrochloric acid, with ferric chloride as under (a) ; but a more accurate 
result may be obtained by proceeding as follows. 

From 1 to 2 grams of the alloy are accurately weighed and boiled gently 
with from 50 to 75 c.c. of hydrochloric acid in a 250 c.c. flask until action ceases, 
when most of the tin and lead will have passed into solution. The solution 
is then made complete by adding gradually a saturated solution of KCIO,. 
All chlorous fumes are then removed by further heating, and a bunch of about 
5 to 10 grams of fine piano-wire is added. If the liquid is kept hot the solution 
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of the iron is very rapid, and the liquid quickly becomes decolorised, while 
the antimony and copper are also precipitated. 

The last traces of antimony are then precipitated together with the arsenic 
by dropping in a thm strip of copper and heating, the heating bomg dis- 
continued as soon as a small additional scrap of Cu remains bnght when it 
is placed in the liquid. 

The liquid is now diluted with about 40 c.c. of hot, boiled water, then 
boiled, and filtered as rapidly as possible into another 250 c.c. flask, covering 
the black precipitate as far as possible from the air, and the flask and filter- 
paper are washed once with hot dilute HC1. 

The clear solution m the flask contains all the tin, and this is at once com- 
pletely precipitated by the addition of sufficient thm strips of pure zinc, to 
completely neutralise the liquid and to remain in excess. As soon as the 
action ceases, a little of the clear liquid is poured off into some solution of 
hydrogen sulphide, when the formation of a white precipitate of ZnS will prove 
that the Sn has been completely precipitated. 

The main liquid is now diluted, and when the metallic particles have sub- 
sided, it is decanted off as closely as possible through a filter-paper. The 
flask containing the tm is then placed under the funnel, a hole is pushed through 
the bottom of the filter, and any particles of metal in the filter are washed back 
into the flask by pouring through the filter 180 c.c. of strong hydrochloric 
acid. The contents of the flask are then connected with a carbon dioxide 
apparatus, heated to boiling until the tm is dissolved, and the boiling solution 
is titrated with the standard ferric chloride solution as has been described 
under (a). 

505 . Estimation of Antimony.— The method depends upon the separ- 
tion of iodine from potassium iodide by the antimonic chloride in the hydro- 
chloric acid solution. The liberated iodine is then estimated by titration 
with standard solution of stannous chloride. 

The presence of stannic chloride and of lead chloride does not interfere 
with the titration : but cupric, arsenic and ferric chlorides react in the same 
way as antimomc chloride, and if present should be separately estimated, 
and their equivalent amounts in antimony deducted from the apparent amount 
of antimony found by the titration. This method of arriving at the true 
amount of antimony is not only more rapid but is more accurate than the 
process of separating the antimony and estimating it by itself. As a rule 
only traces of iron and arsenic are present in commercial alloys, but if the 
proportion of arsenic exceeds I per cent., it is advisable to precipitate the 
antimony and arsenic as sulphides and to separate them by the ordinary 
methods» else some of the arsenic will be expelled as hydrogen arsenide. 
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The following solutions are required : 

(a) Potassium Iodide Solution, made by dissolving about 20 grams of 
the iodide in 100 c.c. of water. 

(b) Stannous Chloride Solution, made by dissolving 10 grams of pure tin, or 
20 grams of stannous chloride crystals, in 300 c.c. of strong hydrochloric acid, 
and diluting the solution to a litro. The solution is kept m a bottle filled 
with carbon dioxide and is titrated every time it is used against the standard 
solution of dichromate (c). Each c.c. of this stannous chloride solution 
corresponds approximately to 0*01 gram of antimony. 

(c) Potassium Dtchromale Solution . — Dissolve 16*34 grams of the pure, 
dry, rccrystallised salt in water, and dilute the solution to a litre, 
1 c.c. of this solution corresponds exactly to 0’02 gram of antimony. It may 
be standardised against pure iron (305). 

(d) Starch Solution, prepared as is described in paragraph 333. 

The Process is carried out as follows : 

From 1 to 3 grams of the alloy, in the state of filings or of fine turnings, 
is exactly weighed and introduced into a 500 c.c. flask, and boiled gently with 
150 c.c. of strong hydrochloric acid until action ceases and most of the lead 
and tin are dissolved. The solution is then completed by the cautious addi- 
tion of potassium chlorate solution, a slight excess being ultimately added 
to insure the presence of free chlorine. The solution is then diluted with 
about its own volume of water and is boiled until it no longor smells of 
chlorine : boiling for half an hour should suffice, and the volume must not be 
reduced below 150 c.c., else antimonic chloride might bo volatilised. 

When the liquid in the flask is cold, fill the upper part of the flask with 
carbon dioxide to exclude air, add 20 c.c. of the potassium iodide solution (a), 
and allow the stannous chloride solution (b) to flow in at once rapidly from 
a burette until the brown colour of the iodine becomes very pale : then add 
the starch solution (d) and complete the titration by just removing the blue 
coloration by further addition of the stannous chloride solution. 

It is well then to proceed at once to standardise the stannous chloride 
solution which has been used, by pouring a little of the potassium iodide 
and the starch solutions into a 250 c.c. flask, then filling the flask with carbon 
dioxide, adding 20 c.c. of the stannous chloride solution and titrating it rapidly 
with the standard dichromate solution (c). 

Correction for the Presence of other Metals. — Since in the above esti- 
mation, cupric , arsenic, and ferric chlorides, if present, will be estimated as 
“ antimony,’* it is necessary to determine these metals m a separate portion 
of the alloy by any of the standard methods. Their antimony -equivalents 
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are then deducted from the whole weight of antimony which has been found 
by the above titration. 

It will be seen that during the titration the quantities represented 
by SbCl 5 , 2 CuC1 2 , 2 FeCl 3 will each furnish two atoms of chlorine during 
their reduction : accordingly Sb, Cu 2 and Fe a will bo chemically equivalent 
quantities in the results of the estimation, or by calculation : 

1 per cent, of arsenic will correspond to 1*6 per cent, of antimony. 

1 „ „ copper „ „ „ 0’945 „ „ „ 

I » » iron ,, „ ,, 1*03 ,, ,, ,, 

The numbers in the last column therefore are the factors required for 
obtaining for the respective metals the antimony -equivalents which have 
to be subtracted from the total result found for antimony. 


Analysis of German-silver. 

German-silver is an alloy of copper, zinc, and nickel, and frequently 
contains traces of tin and iron. 

For the estimation of these constituents, weigh out accurately about a 
gram of filings, or better drillings or borings of german-silver. Dissolve this 
m nitric acid, and evaporate the solution nearly to dryness to remove most 
of the acid. 

506 . Estimation of Tin. — Treat the residue with water, and filter off 
any appreciable quantity of SnO a which remains and weigh it ( 202 ). 

507 . Estimation of Copper,— Precipitate the copper from the filtiate 

(506) by passing hydrogen sulphide, reserving the filtrate. Dissolve the CuS 
in dilute HN0 3 , and reprecipitate it with hydrogen sulphide, observing the 
precautions described in paragraph 496 ; then either convert the precipitate 
into Cu a S, as is there directed, and weigh this, or proceed as follows : 

After the original copper sulphide precipitate has been dissolved m dilute 
HNO s , mix the solution with sodium carbonate m slight excess, then with 
excess of acetic acid, and estimate the copper by adding potassium iodide in 
excess and titrating w r ith thiosulphate solution ( 357 )* 

508 . Estimation of Iron, — Boil off the hydrogen sulphide from the filtrate 

( 507 ) » and add a few drops of strong nitric acid m order to convert the iron 
into the ferric condition. Nearly neutralise with Na a C0 3 , add NaA, boil 
and filter, and reserve the filtrate. Dissolve the precipitate in a little HC1 and 
reprecipitate the iron by ammonia. Filter off and wash, reserving the filtrate 
And washings, and dry, ignite and weigh the precipitate as Fe a O g (129). 
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Note . — The above preliminary precipitation of the iron by NaA is necessary 
if the following succinic acid method of separating Zn and Ni is adopted If the 
cyanide method, which is described below, is used, the iron may be precipitated 
directly by addition of AmCl, and excess of AmOH ; but in this case it is well to 
dissolve the precipitate in HC1 and to reprecipitate with AmCl and AmOH. 

509. Estimation of Zinc and Nickel.— The zinc is separated from the 
nickel by adding either succinic acid or potassium cyanide to the filtrates 
from the precipitates caused by boiling with NaA, which have been mixed 
with the washings (508). 

Succinic Acid Method . — Acidify the mixed filtrates and washings with 
HC1, and boil the liquid until it is free from HA. Add Na 2 C0 3 solution in 
slight excess, boil, and filter off and wash the zinc and mckel carbonates. 
Dissolve the carbonates m boiling saturated solution of succinic acid, heat 
the solution to boiling, and pass H 2 S to saturation. Allow the precipitate 
of ZnS to settle, filter off, and wash it with water containing H 2 S, and deter- 
mine the zinc either as sulphide (a) or as oxide (b), as is described below. 

Boil the filtrate from the ZnS until it is free from hydrogen sulphide, 
precipitate the nickel by adding a slight excess of sodium hydrate solution 
and Br water, filter off and wash the nickel hydroxide, and weigh as NiO after 
ignition (I27> Note 2). 

Cyanide Method . — Mix the filtrates and washings from the iron precipitate, 
and add a clear saturated solution of potassium cyanide until the liquid 
assumes a brownish tint ; boil until ammonia is no longer smelt, then add 
some sodium sulphide solution, which has been freshly made by passing 
hydrogen sulphide into sodium hydrate solution ( 379)5 and boil. Filter off 
the ZnS, adding any further quantity which may be deposited during the 
subsequent concentration of the filtrate, and determine the zinc either as 
sulphide (a) or as oxide (b), as is described below. 

Concentrate the filtrate from the ZnS by evaporation, filter if necessary, 
and acidify it by the addition of strong nitric acid, guarding carefully against 
loss by effervescence. Boil for a time in a fume-closet, add KOH solution 
and Br water in slight excess, filter off and wash the mckel hydroxide and 
weigh as NiO after ignition (I27» Note 2), 

(a) Dry the precipitate of ZnS in the steam -oven, and transfer it to a 
porcelain crucible fitted with the Rose lid and tube (92) ; then incinerate the 
filtor, and add the ash. Sprinkle a little sulphur over the contents of the 
crucible, and heat them in a current of dried hydrogen gas. The temperature 
should be low at first, but should be gradually increased to an intense red- 
heat (98)* Weigh the ZnS which remains. 
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(b) Dissolve the freshly precipitated ZnS in hydrochloric acid, boil off 
the H 2 S, precipitate the Zn as carbonate, and weigh as ZnO (163). 

For Results of an Analysis of German-silver refer to paragraph 955 . 


Analysis of Aluminium Alloys. 

510. The composition of a few typical alloys of aluminium is stated below, 
but alloys which are prepared for special purposes may also contain a small 
quantity of any of the following metals : manganese tungsten, titanium, 
chromium, and cadmium. 


Alloy. 

Parts per 100. 

A1 

Cu 

Mg 

Ni 

Ag 

Sn 

Aluminium bronze 

5-10 

95-90 





Alloy for casting purposes . 

85-95 

— 

— 

15-5 

— 

— 

Alloy for light scientific in- 







struments 

75-80 

— 

25-20 

— 

— 

— 

For white jewellery : 







Alloy (1) . 

30 

— 



70 


— 

Alloy (2) . 

30 

— — 


40 

10 

20 


For the Estimation weigh out from 0*5 to 1 gram of the alloy into a 250 c.c. 
beaker and dissolve it in about 15 c.c. of moderately strong nitric acid. Evapo- 
rate the solution nearly to dryness on the water-bath and treat the residue 
with water ; filter off any residue of Sn0 2 and weigh it (202). 

If silver is present add dilute hydrochloric acid in slight excess, and filter 
and weigh as AgCl (158). 

Estimate the copper in the filtrate by passing hydrogen sulphide until 
the liquid smells strongly, then filter off the precipitated CuS, wash it 
quickly with H a S -water, convert the precipitate into Cu 2 S (496) and weigt 
the copper as cuprous sulphide. 

Boil off the H 2 S from the filtrate, and continue to boil after adding a 
little strong HNO s , then precipitate the aluminium as hydroxide by the 
addition of a slight excess of solution of ammonia, filter, and weigh as Al 2 O a 
(130). If iron is present in small quantity, separate the iron from the 
aluminium as is described in paragraph 4241 a. 
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If the filtrate is blue, indicating the presence of nickel, add NaOH solution 
and Br water in slight excess, wash, filter and ignite the precipitate, and 
weigh the nickel as NiO (I27> Note 2). 

Finally acidify the filtrate from the nickel precif itate with hydrochloric 
acid, add AmOH until the liquid is alkaline, and then Na 2 HP0 4 solution ; 
then filter off, ignite and weigh the magnesium as pyro-phosphate (165)* 

For the Analysis of Commercial Aluminium see par. 1023. 


Analysis of Iron-ores. 

5«. The ordinary ores of iron are the oxides, known as red and brown 
haematite, and black or magnetic oxide ; the carbonate, or spathic iron-ore 
(43D; and mixture i of oxide and carbonate, or clay iron-stone. 

Iron-ores may contain the following constituents : moisture, caibon 
dioxide, silica, iron, aluminium, manganese, calcium, magnesium, phosphate, 
and sulphate. Some ores also contain organic matter. 

512. Estimation of Moisture, — Since carbon dioxido and organic matter 
are usually present, the water must be estimated by heating 2 grams of the 
ore to dull redness, and absorbing the steam which is evolved in calcium 
chloride as is directed in paragraph 191. 

513. Estimation of Carbon Dioxide.— Estimate the carbon dioxide 
by absorption as is described in paragraph 175, using 2 grams for the determina- 
tion. 

514. Estimation of Silicious Matter.— Weigh accurately from 5 to 10 
grams of the finely powdered ore. Heat it gently with strong hydiochloric acid, 
add a little nitric acid, and continue the heating until it is judged that all 
soluble matter has been dissolved. Then evaporate to dryness on the water- 
bath, and heat the residue to 150° C. in the air-bath. 

Treat the dry residue with strong hydrochloric acid, then dilute, heat, and 
decant off the clear liquid through a filter. Treat the residue again with a 
small quantity of hydrochloric acid, heat, and filter the solution through the 
same filter into the same filtrate. Continue this treatment as long as any 
iron can be found by ferrocyanide in a drop of the acid last used. Finally 
filter, wash and ignite the residue (99), and weigh it as silica and gangue. 

Transfer the filtrates and washings to a half-litre flask, and dilute 
to 500 c.c. This liquid serves as the “ original solution ” which is used for 
the other estimations. 
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515. Estimation of Aluminium.— Boil 50 c.c. of the original solution 
(514) with a little nitric acid in order to convert the iron into the ferric state, 
nearly neutralise the liquid with ammonium carbonate, and precipitate by 
boiling with ammonium acetate solution (435)- 

Filter off, wash, ignite, and weigh the precipitate. 

The ignited precipitate consists of A 1 2 0 3 , Fe 2 0 3 , and a little ferric phos- 
phate. The weight of A 1 2 0 3 is subsequently found by subtracting the weights 
of the Fe 2 0 3 (516) and P 2 0 5 (519) fr° m to 0 total weight of the ignited 
precipitate. 

516. Estimation of Iron.— Reduce the iron in 50 c c. of the original 
solution (514) from the ferric to the ferrous condition by one of the methods 
described in paragraphs 312, 313 ; and as soon as the iron has been completely 
reduced, make up the solution to 250 c.c. with air-freo water, and titrate it 
with potassium dichromato solution (306). The iron which is present in the 
ferrous state may be estimated as is directed in paragraph 437. 

If the procedure described in paragraph 399 is adopted, the titration may 
be made by means of permanganate solution. 

517. Estimation of Manganese.— Treat 200 c.c. of the original solution 
as is dnected in paragraph 515. To the filtrate from the basic acetates, 
which has been concentrated it necessary by evaporation, add broim c-water 
in slight excess and then a few drops of ammonium hydrate, and warm. 
Filter off and wash the manganese precipitate, reserving the filtrate and 
washings ; then ignite the dried precipitate and weigh it as Mn 3 0 4 (164). 

518. Estimation of Calcium and Magnesium.— These metals are esti- 
mated in the filtrate (517) in the way described in paragraphs 426, 427, but 
a single precipitation with ammonium oxalate will suffice. 

519. Estimation of Phosphate. — If arsenic has been found in the qualita- 
tive analysis, it must be separated by means of hydrogen sulphide (522) before 
the phosphate is precipitated. 

To 50 c.c. of the original solution (514b or to 250 c.c. if the phosphorus 
is below 0*2 per cent , add a moderate quantity of ammonium molybdate 
solution (520), and allow the liquid to stand in a warm place for some 
hours. Filter, after proving that the precipitation is complete (538). Then 
dissolve the yellow ammonium phospho-molybdate precipitate m ammonium 
hydrate, precipitate the phosphate with magnesia mixture (167), and weigh it 
as Mg 2 P 2 0 7 (166). 

520 . Preparation of Ammonium Molybdate Solution. — Pour 10 c c of water 
into a large flask, add 50 grams of molybdic acid, and then 100 c c. of the strongest 
ammonia solution ; stir the liquid until all the solid is dissolved, then pour the 
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solution quickly into 720 c c of cold strong nitric acid, stiiring constantly during 
the addition Keep the liquid in a warm place for tome hours, and decant the 
clear solution for use. 

521. Estimation of Sulphur. — Evaporate 50 c c. of the original solution (514) 
nearly to dryness, so as to expel almost all the free acid, then dilute and precipitate 
with a little barium chlonde solution. Allow the liquid to stand several hours, 
then filter off, ignite, and weigh the BaS0 4 (133). 

522. Estimation of Copper, Arsenic, and Antimony. — During the evapora- 
tion of the acid solution (514) some of the arsenic will have volatilised Therefore 
a fresh portion of the ore must be dissolved m hydrochlonc acid, and the sulphides 
of the above metals precipitated by passing H 2 S into the diluted solution The 
sulphides are then separated as is directed in paragraph 493 

Estimation of Titanium. — Refer to paiagraph 523 for a description of the 
process. 

For Results of Analyses of Red Hsematite ores see paragraph 956 


Estimation of Titanium in Titaniferous Iron- ores. 

523* When silica is estimated in the usual way in ores containing titanium, 
a portion of the titanium is precipitated with the silica, and the rest of the 
titanium remains in solution. 

In order to avoid this complication the ore should be decomposed by fusion 
with potassium bisulphate in the following manner : refer also to 1 024, 1 025* 

Reduce the ore to as fine a powder as possible in an agate mortar, and 
weigh accurately about 1 gram of this powder into a large platinum crucible. 
Then add 10 grams of pure KHS0 4 , carefully cover the crucible, and heat it 
over a small flame until the bisulphate is melted. 

The mass must be kept liquid, and slight white fumes should be given off ; 
the requisite temperature may be attained by maintaining the bottom of 
the crucible at a dull red-heat. Take great care to regulate the heat in such 
a way as to prevent the melted bisulphate from frothing over the edge of 
the crucible. 

As soon as the ore is completely decomposed, remove the flame, take off 
the lid of the crucible and incline the crucible at an angle of about 45° so as 
to cause the fused mass to flow to one side of the crucible and to nearly reach 
its edge. 

As soon os the crucible is cold, place it with the lid in a beaker ot cold water, 
and pour in about 50 c.c. of strong sulphurous acid solution. Stir the pungently 
smelling liquid from time to time, and ultimately allow the insoluble matter to 
settle, transfer it to a filter, and wash it well with cold water. 
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Residue. — Dry the residue, then ignite it in a platinum capsule and weigh it. 
Then treat it with HF and a few drops of H 2 S0 4 , evaporate to dryness, and 
ignite and weigh again. The loss of weight arising from this treatment repre- 
sents the amount of SiO a (210, Note), If any appreciable residue remains 
in the crucible, heat it with a little fused Na 2 C0 3 , treat the cool mass with 
II 2 S0 4 , filter if necessary, and add the clear solution to the main filtrate. 

Filtrate. — The main filtrate should be colourless, and should smell 
strongly of S0 2 . Add to it one-sixth of its volume of acetic acid of 1*04 specifio 
gravity, and a clear solution of 20 grams of sodium acetate. Heat this liquid 
to boiling, and keep it boiling for a few minutes. 

Then allow the precipitate to settle, filter it off, and wash it at first with 
hot water containing one-sixth its volume of acetic acid, then with hot water 
alone. Dry and ignite the precipitate, and weigh the TiO a which is thus 
obtained. 

The ignited precipitate may contain traces of Fe 2 0 8 and A1 2 0 3 , which were 
originally carried down as hydroxides with the titanic hydrate. In order to remove 
these substances, the weighed residue may be fused with Na^CC^. The mass thu 9 
obtained is then boiled with water, and the insoluble residue of impure sodium 
titanate is filtered off, washed, and dried, and is then fused again with Na 2 C 0 3 . 
The cold mass is then dissolved in cold dilute H 2 S0 4 , and the titanic hydrate is 
precipitated by boiling with sodium acetate and acetic acid as is described above. 


For Analysis ov Bauxite refer to par. 1025 in the Appendix. 


Analysis of Iron and Steel. 

524. The value of a sample of iron or steel is usually determined by 
estimatmg in it the free and combined carbon, silicon, phosphorus, manganese, 
sulphur, and copper ; but, in certain kinds of the metal, titanium, chromium, 
aluminium, nickel, tungsten, and arsenic (400, 523, 541, 543, 544) may 
also be determined. 

The sample for analysis should be in the form of fine borings or drillings ; 
and since cast-iron and ferro-manganese contain impurities m greater quantity 
than either wrought-iron or steel, about three times as much wrought-iron 
or steel is taken for analysis as is necessary in the case of cast-iron. 

525. Estimation of Total Carbon.— Of the many methods which have 
been devised for the estimation of the total carbon present in iron, the most 
trustworthy are those which depend upon the separation of the carbon as such, 
and its subsequent conversion into carbon dioxide, the carbon dioxide being 
then absorbed and weighed. Two methods are described below (526, 528)# 
of which the second (528) is the more accurate. 


17 
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526. First Method for Estimating Total Carbon. — The carbon is 
separated by immersing the iron, in the form of crushed powder or borings, 
in copper sulphate solution. The iron passes into solution, and an equivalent 
amount of copper is deposited, the copper and carbon remaining as a residue 5 
a minute portion of the carbon, however, usually escapes in the form of hydro 
carbon gases. The carbon in the residue is then converted by chromic anhy- 
dride into carbon dioxide, and this is absorbed by soda-lime and weighed. 

The Process of Estimation. — Weigh out accurately about 1 gram of cast- 
iron, or 3 grams of wrought-iron or steel, into a 100 c.c. beaker, increasing the 
weight taken if the proportion of carbon is low. Pour upon the metal a solution 
of copper sulphate, made by dissolving one part of the crystallised salt in about 
six parts of water, and allow the beaker to stand in a warm place. 

When the iron has been completely dissolved and no hard particles are felt 
by the end of a glass rod, pour off the clear liquid, and transfer the copper 
and carbon to a 250 c.c. round flask by means of a glass rod and a small 
quantity of water. Now add about 50 c.c. of strong sulphuric acid and 10 
grams of ohromic anhydride crystals ( 527 )* Connect the flask with the tubes 
shown in Fig. 68 (p. 104), of which (/) is weighed and (e) is not required, 
and prove the apparatus to be gas-tight. 

Gradually raise the temperature of the flask, until the bubbles of gas which 
pass through the bulb- tube (d) can just be counted, and as the evolution of gas 
slackens, raise the temperature until white fumes are observed in the flask. 

When this is the case aspirate a slow current of air, freed from carbon 
dioxide, through the apparatus. As soon as a volume of air equal to about 
six times the capacity of the flask has passed, detach the U -tube (/) and weigh 
it. Its increase in weight represents the amount of carbon dioxide produced, 
and from this the weight of carbon oxidised by the chromic acid may be 
calculated. 

527 . Preparation of Chromic Anhydride. — Make a saturated solution of potas- 
sium dichromate, and mix this with an equal volume of strong sulphurio acid in a 
large beaker. Allow the liquid to cool, and pour off the mother-liquor from the 
crystals which have formed. Drain the crystals in a covered funnel, the neck of 
which is plugged with glass-wool, and place them in a bottle. A further crop of 
crystals may be obtained by evaporating down the mother-liquor, and allowing 
it to cool. 

528 . Second Method for the Estimation of Total Carbon.— The 
powder or borings of the metal are digested with excess of cupric-ammonium- 
chloride solution. The iron is thus dissolved and an equivalent weight of 
copper is precipitated, while if the digestion is continued sufficiently 
long the copper is redissolved and a residue of carbon only remains. The 
carbon is then introduced into a small boat and ignited in a combustion-tube 
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in a current of oxygen, and the carbon dioxide thus produced is absorbed by 
soda-lime and weighed. 

Preparation of the Cupric Ammonium Chloride Solution.— Dissolve 53 
grams of pure ammonium chloride, and 85 grams of pure recrystallised copper 
chloride in about 500 c c. of water. Keep this solution in a stoppered bottle. 

The Process of Estimation.— Weigh out accurately 1 gram of cast-iron, 
or 3 grams of wrought-iron or steel, and digest it with from 100 to 200 o.o. 
of the above cold copper solution and 7'5 to 15 o.o. of diluted (1 : 1) HC1, 
stirring with a glass rod until it is completely disintegrated. 

Continue the digestion of the residual carbon and metallio copper at 70° C. 
until all the copper is dissolved, adding more of the copper solution if 
necessary. As soon as the residue loses its red colour, collect the oarbon upon 
an asbestos filter, previously removing any scum of basic ferric ohloride from 
the surface of the liquid by adding a little hot dilute hydrochloric acid. 

The Asbestos Filter is Prepared by stopping the neck of a funnel with a plug 
of glass-wool. Asbestos, which has been ignited in a current of air, is then broken 
up with water in a mortar and is poured into the funnel. In this way a layer of 
felted asbestos fibres is formed, which serves as a filter. Before 

Pt/j QQ 

the filter is used, water is poured into it and is drawn through 
by an aspirator (8o) as long as any asbestos fibres pass away in 
the liquid. The filtration is accelerated by the filter- pump. 

A special funnel may be made for the purpose of the filtration 
in the following way : A piece of combustion-tube, about 10 cm. 
long and 1 cm. in internal diameter, is drawn out at one end until 
a small orifice only is left (Fig. 89). It will be found convenient 
to introduce a coiled piece of stout platinum wire into the funnel, 
which serves for pushing out the asbestos into the boat after the 
filtration has been completed. The glass-wool and asbestos are 
then introduced into the filter-tube above the wire-coil and 
are washed as is described above. 

If a small platinum filter- tube is used instead of the glass tube Carbon Filter. 
described above, it may be pushed with its contents into the combustion-tube : the 
transference of the asbestos and carbon to the boat, which is described below, is 
thus saved. 

After the carbon has been filtered off, it is washed upon the filter until it 
is free from chloride. The filter is then dried in the steam-oven, the 
asbestos containing the carbon is transferred to a porcelain or platinum boat, 
and the combustion is carried out in the manner described in paragraphs 781- 

793 - 

The boat is pushed into a combustion- tube, the front part of which contains 
about 15 cm. of granulated copper oxide and a silver coil. The end of the 
tube near the silver coil is fitted with a perforated cork carrying a calcium 
chloride tube, with which a weighed soda-lime tube is connected (177, 178). 
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The calcium chloride tube absorbs any moisture which may be evolved, the 
aoda-lime tube absorbs the carbon dioxide. 

After the apparatus has been tested to ascertain that it is air-tight, th< 
combustion-tube is laid in the furnace, and the copper oxide layer is heated 
to redness. A slow current of pure dry oxygen is then passed through the 
tube, and the heat is extended to the boat containing the carbon. After all 
the carbon has been burnt off, the current of oxygen is allowed to pass for a 
short time longer to sweep over the carbon dioxide into the absorption-tube. 
The soda-lime tube is then detached, and is weighed as soon as it is cold. 

From the weight of CO a thus found, the percentage of carbon in the iron 
may be calculated. 

It will be understood that the red-hot layer of copper oxide serves to burn 
any carbon monoxide which may be evolved, and the silver coil absorbs any 
trace of chlorine arising from tho incomplete washing of the carbon; errors 
in the estimation of the carbon are thus avoided. 

Before proceeding to the estimation, it is well to make a “ blank combustion ** 
This is carried out as is described above, but the carbon is omitted. If the absorp- 
tion-tube undergoes no increase of weight in this process, all the materials which 
are used in the process are sufficiently pure. 

529. Estimation Of Graphite.— Weigh out 5 grams of steel, or 1 gram of 
grey or 3 grams of white cast-iron ; heat it gently with diluted (1:1) HC1, using 
15 c.c. for each gram of metal. Collect the insoluble residue of impure carbon 
on an asbestos filter, and wash it successively with hot water, potassium 
hydrate solution, alcohol, and ether. 

Then dry the residue, and estimate the amount of graphite which it 
contains, by burning it in a stream of oxygen and absorbing and weighing 
the carbon dioxide, as is described in paragraph 528. 

For Certain Technical Purposes, in which Great Accuracy is not required, 
the iron may be dissolved in hydrochloric acid, as is described above, and the 
residue may be collected on a tared filter, then washed as before, and dried and 
weighed. It is then transferred to a platmum crucible, the filter-ash is added, and 
the carbon is burnt off, with the aid, if necessary, of a stream of oxygen ( 92 ). 

Since a platinum crucible suffers by tho long contact with the gas-flame which 
is necessary to hum off the graphite, the method of combustion described in para- 
graph 548 may be resorted to, oavgen being used, if necessary, instead of air 

The loss of weight of the residue, after allowing for the weights of the filter and 
of the filter-ash respectively, gives approximately the weight of the graphite. The 
result thus obtained is usually about 20 per cent, too high, owing to the oxidation 
of the Fe. It should be multiplied by the factor 0 8 . 

530 . Estimation of Combined Carbon in Steel, Wrought- and Cast* 
iron (Note, p. 262) by Eggertz’s Method. — When metallic iron contains 
only a small proportion of carbon, its solution in nitric acid is usually 
brown. The depth of this colour increases as the percentage of combined 
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carbon present in the iron increases. Hence by comparing the coloration of 
this solution with that obtained by the solution of standard iron containing a 
known quantity of carbon in the same condition, a rapid determination of 
carbon may be made. 

Nitric acid of 1*2 specific gravity and free from Cl is used as the solvent. 
A series of standard samples of steel are first prepared, m which the amount of 
carbon has been accurately determined by the combustion method (528)* As 
a rule, the standards should be prepared from the same kind of steel as that 
which is to be tested. The process may be carried out either as is described 
below, or by Stead’s modified method (531). See Chemical News, vol. 42 

( 1880 ), p. 88. 

For the estimation, weigh out accurately 0*1 gram of the sample to be 
tested, and the same weight of the standard steel, into two test-tubes. If 
the percentage of carbon is approximately known, add suitable amounts of 
the nitric acid, as indicated by the table below. When an insufficient amount of 
nitric acid has been used, the solution is slightly darker m tint than it should be ; 
accordingly, if no knowledge of the probable percentage of carbon is obtainable, 
3 c c. of the acid may be used, and the process is then repeated, if necessary, 
with an increased quantity of the acid. 


Percentage of carbon 
present in steel. 

Number of c c of nitric acid 
required for solution. 

Less than 0 3 per cent. 

3 c 0. 

From 0*3 to 0 5 „ 

4 c.o. 

00 

6 

10 

0 

6 c c. 

,, 0 8,, 1*0 „ 

6 c.c. 

Upwards of 1 0 ,, 

7 c c. 


After the first violent action has subsided, heat the test-tubes in a water- 
bath, until the action of the acid ceases and the solution of the sample is 
complete: this will usually require about 15 minutes. Then remove the 
tubes at once from the water-bath, and cool them by immersing them m cold 
water. 

Now pour the standard solution into a “ carbon-tube,” which is a glass 
tube I cm. in diameter and closed at one end ; it is capable of holding 30 c.c. 
and is graduated into tenths of a c.c. Rinse out the test-tube with water, 
until the total volume of liquid in the carbon-tube is at least twice as great 
as that of the acid originally used. 

The volume of the standard solution should be some convenient multiple of 
tenths per cent. Thus, if the standard iron used contains 0*5 per cent, of carbon. 
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and the solution is diluted until it measures 10 c.c., each c.c. of this liquid will 
correspond to 0*05 per cent, of the carbon. 

Now pour the solution of the sample under examination into a similar 
carbon-tube, rinse out the test-tube with a small quantity of cold water, and 
compare the intensity of the colours of the two solutions by looking across 
the tubes at a white surface ; if the colour of the sample solution is the more 
intense, add water to it gradually until the colours exactly correspond, and 
read the volume of this solution in cubic centimetres. 

The percentage of carbon will be found by multiplying the number of c.c. 
of liquid in the tube by the carbon-value of 1 c.c. of the standard solution. 
Thus, if 11 c.c. of the sample solution gave the same colour-intensity as 10 c.c. 
of the standard solution, each c.c. of which corresponds to 0*05 per cent, 
of carbon, then the percentage of carbon in the sample = 11 x 0-05 = 0*55. 

Instead of diluting the sample solution until its intensity corresponds 
with that of the standard solution, a graduated series of standard solutions 
may be employed. These are contained in sealed tubes, and successively 
differ by a fixed amount of carbon. Since, however, their colours are liable 
to fade, the method described above is more trustworthy. 

Note . — The above process for wrought-iron and steel may also be used for 
cast-iron, but only 0 05 gram must be dissolved in the HN0 3 ; the liquid is then 
diluted to 20 c.c. and at once compared witn the corresponding standard, the 
solution being first quickly filtered from undissolved graphitic carbon if the cast- 
iron was of the grey variety. 

531 . Stead’s Modified Process for determining Combined Carbon — 
It is found that the colour, which is due to the solution of the carbon, is inter- 
fered with by that of the iron nitrate present in the liquid. This interference 
may be prevented by adding sodium hydrate solution in excess, and removing 
the ferric hydroxide by filtration. The colour due to the carbon is more intense 
in this alkaline filtrate than it was in the original acid solution. The process 
is mainly used for low carbon steels. The procedure is as follows : 

One gram of the steel is dissolved by heating it in a water-bath with 12 c.c. 
of nitric acid of 1*2 specific gravity. The standard steel is treated in a similar 
way. Each solution is now well mixed with 30 c.c. of hot water and with 
13 c.c. of solution of sodium hydrate of 1*27 specific gravity. The liquids 
are then diluted to 00 c.c. and are well shaken, and after they have stood for 
ten minutes in a warm place they are filtered through dry filters. 

The two filtrates are poured into two graduated tubes, and the intensity 
of their colour is compared by looking down the tubes upon a white surface. 
The lengths of the columns are then adjusted by removing some of the deeper- 
coloured liquid, until they both give equal colour-intensity. The quantities 
of carbon present are inversely as the lengths of the liquid columns. 
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Thus if the columns of liquid measure respectively 80 mm. and 100 mm , the 
latter corresponding to the standard steel containing 0 4 per cent, of carbon, then 

the percentage of carbon in the steel sample = 0*4 x =* 0*5. 

It is found that the colour which is given by steel containing a low per- 
centage of carbon differs m character from that given by steel containing a 
high percentage. Hence it is necessary to prepare separate standard solutions 
for the two classes of steel. 

532. The Percentage of Free Carbon may be found by subtracting 
the percentage of combined carbon (530, 531) from the percentage of total 
carbon (526-528). 

5 33. Estimation of Sulphur.— Two methods are in common use for 
estimating sulphur in iron. 

(1) The sulphur is first evolved as hydrogen sulphide and this is then 
converted into a suitable form for being weighed (534). This process is 
applicable to steel. If it is applied to cast-iron some of the sulphur often 
fails to be converted into hydrogen sulphide. 

(2) The sulphur is converted into sulphuric acid, which is precipitated 
and weighed as barium sulphate (535). This method gives more accurate 
results than the first, and is of general application. 

534. Estimation of Sulphur by conversion into Hydrogen Sulphide. — 

Fit into the neck of a 300 c.c. conical flask a doubly perforated rubber stopper, 
which has been previously boiled with sodium hydrate solution to extract the 
sulphur. Through one hole in this stopper push a thistle-funnel, which must 
nearly touch the bottom of the flask. Into the other hole fit a tube which is 
bent twice at right-angles, the shorter end of which just passes through the 
cork, whilo the other end passes into a tall narrow cylinder containing solution 
of cadmium chloride, made by dissolving 5 grams of CdCl 2 in 200 c.c. of 
strongest ammonia solution and diluting to a litre. 

A second similar cylinder may be connected with the first, by means of a 
cork and bent tube ; this, however, is rarely necessary, since the hydrogen sulphide 
escapes diluted with much hydrogen which facilitates its absorption. 

Weigh out accurately from 5 to 10 grams of steel or wrought-iron, or 
2 grams of cast-iron, into the flask, and add HC1, diluted with two-thirds its 
volume of water, finally boiling the contents of the flask in order to expel 
dissolved hydrogen sulphide gas. Filter off and wash the precipitated 
cadmium sulphide on a tared filter which has been previously dried at 100° C., 
and dry at 100° C. and weigh the precipitate (192). 

If this method is applied to cast-iron, it is always necessary to filter off 
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and wash the undissolved residue m the flask ; this residue is then dried, and 
the sulphur which remains in it is estimated by the process described in para- 
graph 141 or 142, and is added to that already found as CdS. 

If the amount of sulphur to be estimated is very small, the hydrogen sulphide 
may be received in bromine- water acidified with hydrochloric acid. The excess 
of bromine is expelled by boiling the liquid, and the sulphur is then precipitated 
and estimated as BaS0 4 (133). 

535. Estimation of Sulphur as BaS0 4 .—Dissolve the weighed metal 

(534) in aqua regia, then add a little sodium carbonate to fix the H 2 S 0 4 , and 
evaporate to dryness at a moderate heat on the iron-plate or air-bath. 
Moisten the residue with strong HC 1 , add water, heat, and filter, reserving the 
residue for the estimation of silicon (536). Dilute the filtrate slightly, add an 
excess of cold barium chloride solution, and after a time pass through a 
very fine filter, wash with dilute HC 1 and then with water, and dry, ignite 
and weigh the BaS 0 4 (133). 

This method gives more accurate results than that described in paragraph 
534> * care is taken to remove the free nitric acid, to keep the volume of the 
liquid small, and to add a fair excess of barium chloride solution. 

Note . — If the BaS0 4 precipitate is coloured red by Fc 2 0 3 , the precipitate is 
heated with dilute HC1, then washed, ignited, and weighed : or the weight of the 
BaS0 4 may be ascertained by precipitating the iron in the acid filtrate and 
washings, weighing it as Fe 2 0 3 (129) and then subtracting this weight from that 
of the original BaS0 4 precipitate. 

The reagents used m this estimation should be examined for sulphate, and if 
any is found to be present a blank estimation must be made, and the weight of 
BaS0 4 obtained must be allowed for. 

536. Estimation of Silicon. — Treat the residue from the acid solution 

(535) , as is described below, for the estimation of the silicon. Or dissolve 
2 grams of cast-iron, or 5 grams of steel or wrought-iron, in about 40 c.c. 
of strong nitric acid, taking care to prevent loss by spirting if the action is 
violent, and evaporate the solution to dryness. Heat the residue, in either 
case, to about 200° C. in the air-bath to decompose carbonaceous matter. 

The removal of this organic matter is much facilitated if a little ammonium 
nitrate has been added during the final stages of evaporation of the acid solution. 
Unless the organic matter is decomposed, the precipitation of the phosphate in 
the filtrate (537) will be incomplete. 

Evaporate the cold residue with HC 1 , and heat to 150 ° C. Then heat with 
about 30 c.c. of HC 1 , dilute with water and filter off and wash the silica, taking 
care that the volume of the filtrate and washings does not exceed 100 c.c. Keep 
this filtrate for the estimation of phosphorus (537). Dry the silica (457), and 
if it is coloured red by iron oxide, digest it with strong hydrochloric acid until 
it is perfectly white ; then wash, dry, ignite, and weigh it. (See note 2, 210 .} 
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Since the silica may contain impurities, it is best to ascertain the weight 
of pure silica present by ti eating the weighed substance with pure hydro- 
fluoric acid and a little strong sulphuric acid, as is directed in the Note (2I0)« 

537. Estimation of Phosphorus.— The phosphorus is converted by the 
action of strong nitric acid into phosphate, and precipitated and weighed 
as phospho-molybdate (539), as magnesium pyrophosphate (538)* or as is 
directed in par. 1026. 

538. Estimation as Mg 2 P 2 0 i . — Either dissolve 2 grams of the metal in 
nitric acid of 1 2 sp. gr., and remove the silica (536) ; or add to the filtrate 
from the silica (536)5 which measures about 100 c.c., at least twice its volume 
of ammonium molybdate solution (520), and allow the liquid to stand for 
several hours in a warm place, taking care that the temperature does not 
exceed 40° C. else arsenate may be precipitated together with the phosphate. 

Now remove a small quantity of the clear liquid by a pipette, mix it with 
some more molybdate solution, and allow the liquid to stand in a warm place 
for some time. If any precipitate is thus produced, return the liquid and preci- 
pitate and add more molybdate solution to the whole of the liquid. Kepeat 
these processes until the further addition of molybdate produces no precipitate. 

As soon as the precipitation has been proved to be complete, filter off the 
loose precipitate, and wash it, as well as the precipitate adhering to the beaker, 
with molybdate solution diluted with an equal volume of water ; test the 
last few drops of washing-water with K 4 FeCy fl solution for Fe, to ascertain 
when the washing is finished, and proceed as below, or as in par. 1026. 

Dissolve the precipitate from the interior of the beaker and from the filter 
in 2 or 3 c.c. of strong ammonium hydrate solution, add strong hydrochloric 
acid until the ammonia is nearly neutralised, and precipitate the phosphate 
by means of magnesia-mixture (167), finally weighing it as Mg 2 p2^7 (166). 

539. Estimation by Weighing as Phospho-molybdate . — A modification of 
the above method consists in weighing the yellow phospho-molybdate precipi- 
tate itself. If this method is adopted, from 1 to 2 grams of the iron-sample 
only need be treated as is directed in paragraph 536. 

After the silica has been filtered off, the volume of the filtrate is reduced 
by evaporation until a film forms upon the surface of the liquid. The phos- 
phate in this solution is then mixed with excess of the molybdate solution as 
is directed above (538) ; the precipitate is filtered off, the portion which 
adheres to the beaker being dissolved in ammonia solution, reprecipitated by 
addition of nitric acid, and then added to the main portion in the filter. The 
precipitate is washed with water containing 1 per cent, of HNO a . It is then 
dried at 120° C. on a tared filter (86, 87), and is weighed as (NH 4 ) 3 .12MoO a .P04, 
containing 1-65 per cent, of phosphorus. 
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540 . Estimation of Manganese.— Weigh accurately from 1 to 2 grams of 
the iron sample, and dissolve it in 30 c.c. of nitric acid of 1*2 sp. gr. 
Evaporate the solution to dryness, and heat the residue to 200° C. in the air- 
mth to destroy carbonaceous matter. Dissolve the cold residue in 10 c.c. of 
lilute ( 1 : 1 ) HC1, then dilute, and filter off the insoluble matter. 

Dilute this solution to about 500 c.c. with distilled water, and add ammo- 
nium carbonate solution, drop by drop, until the colour of the liquid becomes 
dark brown. Continue the addition of the ammonium carbonate solution 
very cautiously and with constant stirring, until the precipitate which is 
formed only just redissolves. Now add 2 grams of ammonium acetate and a 
little acetic acid, boil the solution for a few minutes, and filter the boiling 
liquid, using the funnel-jacket (Fig. 66 , p. 65) and reserving the filtrate. 

Redissolvc the precipitate in hydrochloric acid, add ammonium carbonate 
solution carefully, and reprecipitatc and filter as has been just described. 

Mix these two filtrates which contain the manganese, evaporate if neces- 
sary, and allow the liquid to cool. Add to the cold solution bromine-water 
until it is of a permanent brown colour, and then add an excess of ammonium 
hydrate. Heat to boiling, filter off and wash the precipitate with hot water, 
then dry and ignite it, and weigh as Mn 3 0 4 . This precipitate always contains 
some Ni or Co, which must be separated and weighed in accurate analyses. 

For Other Methods, sec pars. 1027 , 1028 . 

541. Estimation of Copper and Arsenic.— Weigh accurately from 5 
to 10 grams of the iron, and dissolve it m nitric acid. Add hydrochloric acid 
and evaporate the solution to dryness on the water-bath : repeat this process 
several times. Finally dissolve the residue in water, reduce the iron to the 
ferrous state by means of ammonium bisulphite (313), and pass hydrogen 
sulphide gas into the solution to saturation. Filter off the precipitate, which 
may contain CuS, As 2 S 3 , S, and possibly Sb 2 S 3 , and separate and estimate 
these substances as is described m paragraph 493. Copper may also be deter- 
mined as is described in paragraph 543. 

A trace of copper is more readily estimated volumetrically ( 636 ) than gravi- 
metrically. 

542 . Estimation of Nickel and Aluminium.— The method is based on 
the fact that when ether is shaken with a solution of the chlorides of alu- 
minium, nickel, copper and iron in dilute hydrochloric acid, it removes the 
ferric chloride and leaves the other chlorides in the acid solution. 

543 . Determination of Nickel. — Dissolve 2 grams of the steel in dilute 
HC1 of 1*1 specific gravity, add sufficient HN0 3 to convert the iron into the 
ferric state, and evaporate the liquid to dryness. 
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Redissolve the residue in HC1 and evaporate the solution until the FeCl 3 
begins to form a skin upon the surface of the liquid. Add diluted HC1 of 1*1 
specific gravity in order to redissolve any basic salt, and transfer the liquid 
to a stoppered separating funnel 250 c.c. in capacity. Rinse out the solution 
into the funnel with a little of the dilute hydrochloric acid, taking care that 
the whole volume of the liquid does not exceed 50 c.c. 

Now pour 40 c.c. of ether into the funnel and shake the liquids togethez 
for about eight minutes. The ether will remove the FeCl 3 from the solution, 
and will form an emerald green layer above the aqueous solution. Let the 
funnel stand for a few minutes and then allow the acid aqueous solution, con- 
taining the chlorides of Cu, Ni and Al, to flow into another separating funnel, 
in which 40 c.c. of ether have been previously placed. 

Wash out the first funnel with a little of the dilute HCI and allow the 
washings to flow into the second funnel. Repeat the washings with fresh 
acid, and finally pour off the green ethereal solution from the first funnel into 
an ether-i esidue bottle for recovery of the ether. 

Shake the contents of the second funnel for ten minutes in order to enable 
the ether to remove the last trace of the ferric chloride from the acid liquid. 
Then allow the acid liquid to flow into an evaporating-basm, and wash out 
the last portions with the dilute acid as before. 

Evaporate the acid liquid, which contains the nickel, copper and alumi- 
nium as chlorides, to a small volume and piecipitate the copper as sulphide 
bypassing hydiogen sulphide (1010)- Filter off the copper sulphide, add 
excess of H 2 S0 4 and evaporate until white fumes appear. Allow the solution 
to cool, and add a little water and then an excess of AmHO ; filter, if necessary, 
and finally transfer the liquid to a platinum dish and precipitate the metallic 
nickel electrolytically (219). 

The nickel may contain a very small amount of cobalt, the determination of 
which may usually bo neglected. 

544. Determination of Aluminium.— Proceed as in the determination 
of nickel until the acid liquid remaining after the treatments with ether has 
been obtained. Evaporate this to dryness, and dissolve the residue in a little 
hydrochloric acid. Nearly neutralise the solution with dilute ammonium 
hydrate solution, add a little sodium thiosulphate in order to reduce any iron, 
and then add 2 or 3 c.c. of a saturated solution of sodium phosphate. Finally 
add 5 or 6 grams of sodium acetate dissolved m a little water, boil the solu- 
tion until it no longer smells of sulphur dioxide, and filter it. Then wash, 
dry, ignite, and weigh the precipitate of aluminium phosphate, A1P0 4 . (See 
Note below.) 

Note . — In order to make certain that the precipitate is free from traces of iron 
and silica, it may be redissolved in HCI. Ike solution is then evaporated to dry- 




268 


GENERAL ANALYSIS. 


[545-547, 


ness, redissolved in dilute HC1, and the solution is neutralised and mixed with a 
little thiosulphate and sodium acetate. The precipitate of A1P0 4 may now be 
filtered off, washed, ignited and weighed. It contains 22*18 per cent, of aluminium. 

For Results of Analyses of Iron and Steel refer to paragraph 957 . 


Proximate Analysis of Coal and Coxe. 

545 . The chemical examination of coal ordinarily comprises the estimation 
of moisture, ash, sulphur, volatile matter, coke, and calorific power The 
coal must bo very rapidly powdered for these estimations, as it loses water 
during the process: it is better therefore to use air-dried coal ( 1030 )* 

546 . Estimation of Moisture. — Powder about 2 grams of the coal 
rapidly, weigh the powder between two watch-glasses, and heat it m the 
steam-oven. Remove the coal every half-hour, allow it to cool in the desic- 
cator and weigh it. Since the weight decreases by loss of moisture, but also 
gradually increases after a time by oxidation, no constant weight will be 
obtained, and the lowest weight which is noted must be taken as representing 
the completion of the drying. See also par. 1029 . 

547- Estimation of Volatile Matter and Coke. — Two methods {a, bj 
for estimating the volatile matter and coke are described below. 

(a) Spread out 2 grams of the rapidly powdered coal in an even layer in 
the bottom of a platinum crucible, which has been weighed without the lid. 
Cover the crucible with the lid, place it on a pipe-clay triangle, and heat it 
by means of a powerful Bunsen flame. In order that comparable results 
may be obtained in different estimations, the size of the flame and the position 
of the crucible in it must always be the same. 

As soon as the flame of the gases, which issue from beneath the lid, is no 
longer seen, continue the heating for one minute longer. Then remove the 
gas-flame, allow the crucible to cool in the desiccator, and weigh it without 
the lid as soon as possible. The weight of the residue represents the weight 
of the coke including the ash : the loss of weight suffered by the original 
coal is the weight of the volatile matter. Reserve the coke. 

(b) Weigh out accurately fiom 10 to 20 grams of the coarsely powdered 
coal into a weighed capacious porcelain crucible provided with a lid. The 
crucible should not be more than half filled with the coal. Place this crucible 
in a clay crucible, and surround it completely with coarsely powdered oharcoal. 
Cover the clay crucible with its lid place it in a wind- or gas-furnace and keep 
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it at a red-heat for one hour. Remove the porcelain crucible when it is cold, 
and weigh it. The loss of weight, which it has sustained, represents the volatile 
matter of the coal. The residue of coke, including the ash, is reserved. 

An examination of the coke obtained by this method will indicate whether 
the original coal is a caking, sintering, or non-caking coal. 

548. Estimation of Ash. — Weigh out accurately about 2 grams of the 
powdered coal, or of the coke from 547, into a weighed porcelain boat about 
10 cm. long and 2 om. across. Some platinum-foil, which has been shaped 
upon a piece of glass rod, forms a good substitute for the porcelain boat. 

Push the boat containing the coal into a combustion-tube, about 2*5 cm. 
in diameter (Fig. 90 ). Heat the tube and boat to redness in a combustion- 
furnace {783), while a gentle current of air is drawn through the combustion- 
tube by means of an aspirator (176, Fig, 68 h, p. 104 ), 

Fig. 90, 


G 


IE3= 


Ash Determination. 

The temperature should not become sufficiently high to soften the glass 
and cause the boat and tube to stick together, but this may be prevented 
by interposing a few threads of asbestos between the bottom of the boat and 
the glass. 

As soon as the dark-coloured combustible matter is entirely removed, 
allow the tube to cool, then withdraw the boat and weigh it. By this method 
a “ clean ” ash, free from carbonaceous matter, is obtained in a short time. 

Reserve the ash for the determination of sulphate (551). 

549. Estimation of Sulphur.— It is usually necessary to ascertain the 
amount of sulphur which is present in the volatile matter, the sulphur contained 
in the coke, and the sulphur which is left as sulphate in the ash. For this 
purpose it is necessary to determine the total sulphur (550), the sulphur in 
the ash (551), and the volatile sulphur in the coke (552). 

The amount of sulphur present in the volatile matter is obtained by adding 
the amount of sulphur found in the ash to the amount which is evolved by 
burning the coke, and then subtracting this from the total sulphur, 

550. Estimation of Total Sulphur by Two Methods.— (a) Weigh 
out accurately about 1 *5 grams of the very finely powdered coal, and mix 
it with four times its weight of finely powdered dry sodium carbonate 
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by adding the sodium carbonate to the coal, which is contained in a platinum 
crucible or capsule, and stirring the powder with a dry glass rod : the mixture 
must not be further stirred during the heating. 

Now partially cover the crucible with its lid, and heat it for some time 
gently so as not to volatilise the hydrocarbons and give rise to smoke or 
smell. Then gradually raise the temperature nearly to visible redness, and 
continue the heating until the dark colour of the mixture has faded, or has 
become red from iron oxide. A Bunsen burner fed with spirit may be used 
to avoid the introduction of sulphur from the coal-gas. 

Then raise the temperature to a dull red-heat, and maintain this tempera- 
ture for about fifty minutes. The mass will now be almost perfectly white, 
owing to the complete combustion of the coal. 

Now treat the cool mass with water, and filter the solution. Add a few 
drops of bromine to the filtrate and acidify with HC 1 , then boil the liquid 
until the bromine is removed, determine the sulphate in this solution as 
BaS 0 4 (I33), and calculate the corresponding weight of S, 

(b) The bomb may be rinsed out with water after the calorific power determina- 
tion (556). The sulphate in solution may then bo determined by adding excess of 
HC1 and of BaCl 2 ( 133 ). Or the free H l 2 S 0 4 and HNO a in the boiled bomb-rinsings 
may be estimated by titrating with standard baryta-solution in presence of phcnol- 
phthalein, standard Na^CO .-solution being then added in excess to precipitate the 
barium nitrate, and the clear liquid titrated with standard acid to determine the 
excess of Na 2 C0 3 : from these results the weight of S0 4 can be found from the 
baryta required to precipitate it. The S is finally calculated from the S0 4 . 

551. Sulphur in the Ash. — The ash, which was reserved from paragraph 
548, is treated with water containing a little hydrochloric acid, the solution 
is filtered, and the residue is washed. The sulphate contained in the filtrate 
and washings is determined as BaS 0 4 (133), and the weight of sulphur which 
it contains is calculated. 

552. Volatile Sulphur in the Coke. — The sulphur which is converted 
into sulphur dioxide, when the coke is burnt in the air, is determined as 
follows : 

A quantity of coke, representing a known quantity of coal ( 547 )’ 13 roa &ted 
in a porcelain boat, or on platinum-foil, in a slow current of oxygen (548), and 
the gaseous products are passed through 10 c.c. of standard solution of iodine 
(33I) contained in a bulbed U-tube (Fig. 86, p. 188 ). The following reaction 
will take place between the sulphur dioxide, the iodine, and the water 1 

SO a + I a + 2 H a O = H a S 0 4 + 2HI. 

The amount of free iodine which remains in the solution is determined 
by standard sodium thiosulphate solution (334), and the amount of iodine 
which has been acted upon by the sulphur dioxide is obtained by difference. 
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From this result the weight of the sulphur, which has been evolved by the 
coke, may be calculated. 

553. Estimation of Calorific Power.— The calorific power of fuel is 
determined by ascertaining the number of heat-units which are evolved by 
the combustion of unit weight of the fuel in oxygen. One heat-unit or 
“ calorie ” is the amount of heat which is required to raise the temperature 
of one gram of water one degree Centigrade. 

Calorific returns made in this oountry usually state the number of pounds of 
water raised one degree Fahrenheit by the combustion of one pound of coal : 
this result can be converted into calories by multiplying it by five-ninths. 

In the methods described below the fuel is either burnt in free oxygen 
gas, or it is mixed with substances which are capable of yielding oxygen, such 
as potassium nitrate and potassium chlorate, and the mixture is kindled. 
The products of combustion are cooled by a known weight of water, and the 
increase of temperature produced in the water is noted as soon as the combus- 
tion has ceased. 

The weight of the water in grams, multiplied by its rise of temperature 
expressed in Centigrade degrees, will then give the number of units of heat 
which have been evolved by the combustion of the fuel. This number, after 
it has been corrected for the heat absorbed by the apparatus, gives the calorific 
power of the fuel. 

The calorific power of coal may be estimated by the Lewis Thompson 
calorimeter (554), using a mixture of potassium nitrate and potassium chlorate 
to supply the oxygen. The method is more suitable for bituminous than for 
anthracitic coal. 

Other methods consist in burning the fuel either in a regulated stream of 
oxygen gas in the William Thomson calorimeter (555), or * n compressed 
oxygen in a bomb (556)* 

The advantage secured by using the methods of combustion in oxygen gas 
(555, 556) is that complete combustion is readily secured without the necessity 
of preparing trial mixtures with the oxidising mixtures, as is usually necessary 
by the Lewis Thompson method ( 554 )* When the oxygen is supplied from 
a holder (555) the process of combustion can be watched and is also under 
complete control. 

554 . The Lewis Thompson Calorimeter is shown in Fig. 91. It com- 
prises a glass cylinder (c), which holds 2000 grams of water when it is filled 
up to the etched mark, and a suitable metal vessel and tube in which the fuel 
can be burnt. The procedure is as follows : 
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Fill the calorimeter to the mark with water which is at a temperature just 
below that of the surrounding atmosphere. 

Weigh out accurately 2 grams of the finely -powdered and sifted coal (1024). 
Mix this intimately with ten times its weight of a mixture of one part of potas- 
sium nitrate and three parts of potassium chlorate, which has been previously 
well dried in the steam-oven, Then try to kindle the mixture. If it does 


Fig. 91. 



not burn steadily, the experiment must be repeated with different proportions 
of coal and oxidising mixture. 

As soon as a mixture has been prepared which burns steadily when kindled, 
transfer a similar mixture to the copper tube (a), seen on the left in the figure, 
and gently press down the mass in the tube with the bottom of a test-tube. 
The broader tube ( d ) is intended for a mixture which does not burn readily. 

When all the powder has been transferred to the tube, bury in the upper 
part of the powder the lower end of a little piece of fuse, which is made by 
steeping thin cotton- wick in potassium nitrate solution and drying it. Place 
the tube in the brass clips attached to the brass disc, and proceed to render the 
temperature of the water in the calorimeter uniform by stirring before taking 
the temperature carefully by means of a delicate thermometer. 

Now light the fuse, rapidly push on the cover (b), taking care that the 
stop-cock is closed, and immerse the tube in the water until it stands upon 
the bottom of the cylinder. 

The cover (b) consists of a copper cylinder connected with a narrow copper tube. 
The cylinder prevents the water from coming into contact with the mixture : it 
U perforated at the bottom so as to allow the products of combustion to escape. 
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The narrow tube attaohed to the cylinder is provided with a stop-cock, so that the 
water can be admitted into the cylinder and tube at the end of the combustion. 

The mixture will burn, and the gaseous products of combustion will force 
their way through the holes at the base of the copper cylinder, and will pass 
up through the water into the air. 

The whole metal apparatus is allowed to remain immersed in the water 
for a few seconds after the combustion has ceased, in order to allow the metal 
to transfer its heat to the water. 

The stop-cock is then opened, so as to admit water to the interior of the 
metal apparatus. The metal apparatus is alternately raised and lowered 
several times so as to mix the water thoroughly, and the temperature of the 
water is once more taken carefully by a delicate thermometer. 

The number of Centigrade degrees, by which’ the water has increased in 
temperature during the combustion, is added to the number of degrees corre- 
sponding to the amount of heat absorbed by the apparatus ; the latter being 
taken as one-tenth of the rise of temperature observed. And since 2 grams 
of coal were used, and the glass cylinder contained 2000 grams of water, this 
number of degrees, when multiplied by 1000, will give the number of heat- 
units or calories evolved by unit weight of the fuel. 

In a particular estimation tho following results were obtained: The initial 
temperature of the water was 16° C., and the final temperaturo of the water was 
22 7° C. Assuming that the heat absorbed by tho apparatus is measured by one- 
tenth of tho nso of temperaturo observed in tho water, tho calorific power will be 
equal to (G 7 + 0 67) 1000 =* 7370 calories or hoat-units. 

A second graduation will be seen on the glass cylinder at 1934. The 
cylinder may be tilled with water up to this mark, and the temperatures 
taken m Fahrenheit degrees. Tho number of degrees rise in temperature 
registered on the thermometer after the combustion, if increased by one- 
tenth, will then represent the number of pounds of water at 212° F. which the 
combustion of one pound ot the coal will convert into steam at 212° F. The 

calculation is based on the assumption that =* 967 Fahrenheit units of 
heat are required to convert the unit weight of water into steam. 

555* The William Thomson Calorimeter. — This apparatus is similar 
to the calorimeter just described, but is designed for burning a weighed quantity 
of fuel in a platinum crucible under water, by directing a slow stream of oxygen 
from a gas-holder or compression -cylinder upon it. 

Several modifications of this apparatus are now obtainable; the following 
description applies to the form which is shown on p 274 (Fig 92) : 

The oxygen passes down the vertical tube which contains the stop cock 

IS 
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Fig. 92). Wire-gauze baffle-discs are seen around the combustion-chamber ; 
these serve to break up the escaping gaseous products into small bubbles, and 

thus to cause them to be more completely 
cooled by the water. 

The apparatus is immersed in water con- 
tained in a glass beaker, which is again sur- 
rounded by a metal vessel with a glass slip 
let into its side. The fuel is then kindled by 
means of a small fuse, as has been already 
described, and the oxygen stream is started 
by opening the tap as soon as the chamber 
containing the kindled fuse has been lowered 
into the water. 

For the Estimation 1 gram of the fuel 
is accurately weighed and introduced into 
the platinum crucible, which is then placed 
on the clay support; and the long narrow 
copper tube, which terminates in the tap and 
bent tube, is connected with an oxygen gas- 
holder by a piece of rubber tubing. 

Two thousand grams of water, taken from a supply which has been kept in 
the room in which the experiment is to be made until it is of same temperature 
as the atmosphere, are then introduced into a large thin beaker of suitable 
dimensions. This is the calorimeter, and it is placed in the outer jacket of 
bright metal in order to protect it from radiated heat and later on from 
contact with the colder atmosphere. The water is then well mixed by 
stirring and its temperature is accurately noted. The thermometer may 
be fixed in the arm of a retort-stand so that both may be removed at 
once, and its height is so adjusted that the bulb and about 5 cm. of the stem 
will be immersed in the water of the calorimeter. Each degree measures 
about 1 cm. on the stem. 

As soon as the temperature of the water has been noted, the thin copper 
tube, which slides easily through the rubber tube, should be drawn up 
near to the top of the bell-glass, and the upper end with the tap closed 
should be attached to the supply of oxygen which is under slight pressure. 
A fuse about 2*5 cm. in length, consisting of two strands of lamp -wick prepared 
as is directed on p, 272, is then placed upright in the coal in the crucible and 
ignited. The bell-glass is now pushed down over the crucible and fixed in 
position by the springs, and the whole is lifted into the beaker and sunk to the 
bottom of the water. At the same time the tap is opened gradually until a stream 
pf oxygen passe* through the apparatus, and the time is noted on a watch. 


Fia. 92. 
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The coal will burn quietly at first, and the thin copper tube should not be 
pushed far down in the bell-glass until all fumes cease to be evolved, since 
plenty of oxygen must be present in the upper part of the bell-glass to 
insure the complete combustion of this volatile matter ; when, however, the 
coke remains in a glowing condition, it is advisable to push the thin copper 
tube down until its end is immediately over the platinum crucible, in order 
to facilitate the combustion of the coke. A slight rotating movement may 
also be given to the tube, so as to cause the gentle stream of oxygen to fall 
on any particles of unburned coke in the bottom of the crucible. 

As soon as the experiment is completed the tap is closed, and the bell is 
raised sufficiently to enable the side-clip to be opened and to be pushed upon 
the small projecting glass tube. The residual gas will now escape through 
this tube as the bell is again pushed downwards, and the water will come 
into contact with the narrow copper tube and with other parts of the apparatus, 
and will cool them by its contact. The bell should be moved slowly up and 
down in the water several times, in order to cool the parts and to mix the 
water. 

The temperature of the water is now accurately taken again ; and the 
duration of the experiment, which will be usually from five to ten minutes, 
is noted. 

The Water Equivalent of the Calorimeter may be obtained by 
Calculation, after the weight of each part of the apparatus has been ascer- 
tained, by multiplying each weight by the specific heat of the material. 

The results of this process, when applied to a particular apparatus, are 
tabulated below, and show a water-equivalent of 203*48 grams. A fuller state- 
ment of this method is given in the original description of the apparatus by 


its inventor [Journ. Soc . Cheml. Industry , 1886, pp. 581-84). 





Weight in Specific 


Water- 



grams. heat. 


equivalent. 

Glass beaker, part in contact 

with the 




water . 


922 430 X 0*180 

055 

166 037 

Glass bell .... 


75 431 X 0 180 

= 

13 576 

Brass base 


99 853 X 0 094 

— 

9 377 

Four copper discs 


65 100 x 0 095 

= 

6 294 

Brass over top of bell-jai 


21 307 X 0 094 

c= 

2*001 

Copper tube 


30 800 x 0 095 

— 

2*930 

Rubber cork 


1-578 x 0 331 

— 

0 652 

Rubber tube 


1 784 x 0 331 

=55 

0*591 

Platinum crucible 


15 111 x 0 032 

OSS 

0 490 

Mercury of thermometer 


9*583 x 0 033 


0 319 

Glass „ „ 


7 350 X 0 180 

« 

1 323 

Hence the total water-equivalent of the apparatus 

- 

203*460 
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The Direct Experimental Determination of the Water-equivalent 
should however be made as is described below, when the apparatus is to be 
applied to the determination of the calorific power of coal. 

The calorimeter is carefully adjusted as it would be for working with a 
coal ; 2000 grams of distilled water, about 5° C. warmer than the air, are then 
weighed and its temperature (t) is taken after it has been well mixed. The 
temperature (t') of the apparatus is also noted ; this will be the temperature 
of the laboratory in which the apparatus has been standing. The 2000 grams 
of water are now poured into the calorimeter beaker, the apparatus is placed 
in position in the water and the beaker is immersed in the metal jacket. 
The water is now kept well stirred for about fifteen minutes by raising and 
lowering the discs on the side of the bell-jar. 

The temperature (t") of the water is then taken. 

The correction for radiation is obtained by continuing the above procedure 
for another fifteen minutes and again reading the temperature (t'"). The 
tall of temperature due to radiation will be [t* - 1 '" ) = f. 


From these data the water-equivalent, including the correction for 

adiation, is found from the following statement -H9P9- 

* (t'+f)-t' 

In a particular determination the following temperatures in degrees 
Centigrade were noted : 

t - 19*5 

t' =* 14-6 

t' = 18*65 

t"' = 18*30 

f « (18*65 - 18*30) = 0*35 


Hence the water -equivalent = 


2000 [19*5- (18 *65 + 0*35)] _ 

(18 65 + 0*35) - 14*6 ~ ££1^. 


The Calculation from the results of a particular experiment was made as 
follows : One gram of the coal raised the temperature of the 2000 grams of water 
and the apparatus by 6 34° F. Since the water- equivalent of the apparatus was 
424 8 grams, this was equivalent to raising 2424*8 grams of water by 6 34° F , or 
2424*8 x 6 34 *=» 15373*2 grams of water 1° F. The coal therefore gives 15373 2 
British thermal units of heat by its combustion. If it is wished to express 
the heat-value of the coal in terms of pounds of water at its boiling-point 
evaporated by one pound of coal, then, since water in being converted 
into steam absorbs 967 units of heat, one pound of the coal will evaporate 


15373 2 
967 


15 9 lb. of water at its boiling-point and under ordinary atmospheno 


pressure. 


556 . The Bomb Calorimeter. — A modification of the Mahler-Donkin 
bomb oalorimeter, constructed for the determination of the calorific power of 
fuel, is shown in Fig. 93. It consists of the following parts : 
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A Bomb or suitable stout-walled combustion chamber (a), made of metal 
of great tensile strength, in which the substance is burned : the thick walls 
of this bomb are black in the figure. 


Fia. 93. 


A Calorimeter (b) containing water, in which the bomb is immersed and 
to which the bomb gives up its 
heat. 

A Centigrade Thermometer ( c ) 
graduated in fiftieths of a degree, 
a hundredth of a degree Centigrade 
may be easily read on the scale by 
means of a hand- lens. 

A Cylindrical Water-jacket ( d ) 
in which the calorimeter (6) is 
placed. Attached to this outer 
jacket is a bracket fitted with 
friction-wheels by means of which <^1- 
a set of paddles may be made to 
rotate inside the calorimeter. 

A Storage Cell , Electric Battery , 
or other source of electricity, cap- 
able of giving a current of about 2 
amperes at 10 volts for firing the 
fuel in the bomb (a), 

A Pi essur e-gauge , which lecords 
the pressure m the bomb and 
connecting- tube while the bomb is 
being charged with oxygen from the steel cylinder, 
not bo less than 25 atmospheres. 



The Bomb Calorimeter. 


This pressure should 


The mtei lor of the bomb is protected from the corrosive effects of the acids 
produced during combustion, either by a heavy plating of gold, or by a lining 
of platinum or enamel. The bomb is fitted with a screw- valve for regulating 
the admission of oxygen, and with a support which carries the crucible in 
which the fuel is placed, and which also serves as one of the terminals required 
for the electrical ignition of the substance to be burned : an insulated rod 
forms the second terminal. The cover of the bomb can be securely bolted 
down by means of studs and nuts, 


The Procedure is as follows : A sample of the finely powdered coal, not 
exceeding I gram, in a porcelain capsule small enough to be placed in the 
bomb-crucible, is dried at a temperature of 100° C. until its weight is constant 
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(refer to 1024 )* A piece of platinum wire 0*1 mm. in diameter is looped 
between the two terminals, and is made to glow by passing the electric current 
in order to make sure that the connections are sound. 

The capsule containing the dried coal is then placed in the bomb-crucible 
and the platinum loop is so arranged that it is well covered by the coal. The 
bomb-cover is then screwed down, and after the necessary connections have 
been made, oxygen is admitted very slowly into the bomb until the gauge 
Indicates a pressure of 25 atmospheres. The valve of the oxygen-cylinder 
is then closed, and finally the screw-valve of the bomb is also secured. 

The bomb is now disconnected and placed in the calorimeter containing 
2500 grams of water. When it is seen that no oxygen escapes, showing the 
joints to be gas-tight, the paddles are kept constantly in motion until the 
temperature of the water remains constant as judged by thermometer readings 
taken at intervals of a minute. 

One of the connecting-wires from the battery is then applied to any part 
of the bomb-cover, and the other to the insulated terminal. If this has led 
to a successful firing, a faint click will be heard, caused by the cracking of the 
capsule. The paddles are then at once restarted, and the temperature of the 
water is noted at intervals of a minute until the mercury begins to fall. 

The difference between the maximum and the initial temperatures, when 
multiplied by the sum of the weight of the water and the water-equivalent of 
the apparatus, gives the amount of heat in calories yielded by the combustion 
of the weight of fuel taken. 

The water-equivalent of the apparatus is determined by burning a known 
weight of some pure combustible substance such as cellulose, benzoic acid, or 
cane sugar, the calorific value of which is accurately known. 

In testing ordinary fuels the following method of calculation is quite satis- 
factory, since careful expel iments have shown that it is unnecessary to make 
any cooling corrections if tho temperature of the water in the calorimeter is 
the same as that in the water-jacket beforo the fuel is burnt. 

If the initial water-temperatures are the same as the temperature of the 
room when the delci mmation is being started, then if 

t° C. = the initial temperature immediately before firing, 

T° C. = tho maximum temperature after firing, 

W = the weight of water in the calorimeter, 
w = the water-equivalent of the apparatus, 

Wi = the weight in grams of the fuel taken, 

X = the calorific value of the fuel, 
x _ (W + w) x (T-t ) 

Wi 

If full coricctions are to be made for losses duo to cooling, and increases 
such as aie due to the formation of nitric and sulphuric acids, the above data 
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must necessarily be amplified, although the method of carrying out the deter- 
mination will be in no way affected. Refer for text -books to par. 1021. 


Examples of Duplicate Estimations (a, b) are given below : 

a. b 


Weight of coal dried at 100° C. . . * 

. 0*8135 

0 7938 

Initial temperature C.° of water . 

18*91 

18 88 

Maximum temperature 0.° of water 

20 74 

20 67 

Weight of water in calorimeter in gram 3 

2500 

2500 

Water-equivalent of apparatus in grams 

. 712 

712 


Then the calorific value from (a) 

(2500 -t- 712) x (20*74 - 18*91 ) 

« “rr = 7225 5 calories. 


and from (b) the value 

(2500 + 712) x (20 67 - 18 8) 


= 7243*0 


0*7038 

or the mean calorific value — 7234 2 calories. 
For Results of Analyses of Coal refer to paragraph 958. 


Complete Analysis of “ Superphosphate of Lime.” 

557. Most of the specimens of natural calcium phosphate, as well as the 
calcium phosphate present in bones, are insoluble in water. But when these 
substances are treated with sulphuric acid, the insoluble tricalcium phosphate, 
Ca 3 P 2 0 8 , which they contain, is converted into soluble mono-calcium phosphate 
CaH 4 P 2 0 8 . The treatment of insoluble phosphates with sulphuric acid is 
carried out on a large scale by manure manufacturers in order to produce the 
soluble phosphate or “ superphosphate ” of commerce. 

“ Superphosphate ” accordingly consists essentially of mono-calcium 
orthophosphate. But it also contains varying proportions of free phosphoric 
acid, tricalcium phosphate and calcium sulphate, as well as compounds of 
iron, aluminium, magnesium, and the alkali-metals. Organic matter is also 
usually present. 

In the proximate analysis of superphosphate for commercial purposes, 
the estimations of calcium phosphate (561) and of the alkali-metals (563) 
may be omitted. 

558 . Estimation of Moisture.— Weigh out accurately about 2 grams 
of the superphosphate in the watch-glasses and clip, and heat it in the steam- 
oven for five hours. The loss of weight represents the amount of moisture, 
or uncombined water. 
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559. Estimation of Combined Water.— The superphosphate, after 
having been dried as above (558 )* ia transferred to the air-oven, and is heated 
to 160 ° C. until its weight is constant. The loss of weight represents the 
amount of combined water, 

560. Extraction of the Portion which is Soluble in Water.— Weigh 
out 10 grams of the well-sampled undned superphosphate into a mortar, 
then add a little water and mix the whole into a paste by gently stirring it 
with the pestle. Now add more water, stir well, allow the undissolved matter 
to settle, and decant the almost clear liquid into a flask. Treat the residue 
again with water and once more decant, and after repeating these operations 
twice transfer the undissolved residue to the flask. The total volume of 
water used should be about 300 c.c. Then allow the flask to stand for two 
hours, shaking it occasionally. 

Now filter the liquid into a half-litre flask, and wash the undissolvcd residue 
on the filter with water until the flask is filled up to the graduation. Reserve 
the residue in the filter for subsequent estimations (565-567)* and proceed 
to use the filtrate, or “ original solution,” for the estimations in paragraphs 

561-564, 

If the superphosphate contains much free acid, the process of extraction, 
involving standing for two hours with the water containing acid, will probably 
render a larger proportion of phosphate soluble in water than was actually soluble 
m the original substance. 

561. Estimation of Soluble Phosphates of Iron and Aluminium, 
and of Soluble Calcium Phosphate. — Transfer 250 c.c. of the original 
solution (560) to an evaporating-dish, add a little sodium carbonate in order 
to neutralise the free acid, and then a few small crystals of potassium nitrate. 
Evaporate this liquid to dryness, and remove the organic matter by igniting 
the residue. As soon as the dish is cold add hydrochloric acid and water, 
adding more acid and heating the liquid if it is not clear. Now add a slight 
excess of ammonium hydrate solution, and then an excess of acetic acid. 
Filter off the phosphates of aluminium and iron, and wash, dry, ignite, and 
weigh them. 

Make up the filtrate to 250 c.c., and withdraw two successive portions of 
50 c.c. each. Make duplicate determinations of the P a 0 6 in these by means 
of uranium nitrate solution, which has been standardised with calcium phos- 
phate solution (382). 

An alternative gravimetric method consists in precipitating the phosphate 
in 50 c.c. of the “ original solution ” with ammonium molybdate solution, 
and weighing it as magnesium pyrophosphate (538). 

562. Estimation of Calcium and Magnesium.— Transfer 100 c.c. of the 
filtiate (561) to a beaker, add excess of ammonium oxalate solution, filter 
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oil and wash the precipitate, and weigh the calcium either as carbonate or 
as oxide (146, 147)* 

Render the filtrate, containing the magnesium, alkaline with ammonium 
hydrate ; the magnesium will probably be precipitated, either partially or 
wholly, as phosphate. Then add sodium phosphate solution, and allow the 
liquid to stand. Filter off, dry and ignite the precipitate of magnesium 
ammonium phosphate and weigh the magnesium pyrophosphate (165)* 

563. Estimation of Organic Matter and Alkali-metals. — Mix 100 
c.c. of the original solution (560) in an evaporating-dish with milk of lime 
until the liquid is just alkaline. Evaporate to dryness, and heat the residue 
in the air-oven at 1 G 0 ° C. until its weight is constant. Then ignite over a 
small Bunsen flame until the dish ceases to lose in weight. The loss of weight 
will give the amount of soluble organic matter in the superphosphate. 

Treat the residue with water, add a little more milk of lime, and heat for 
some time. Filter off the insoluble matter and wash it twice. Then precipi- 
tate the sulphate and the calcium from the filtrate and washings by adding 
banum chloride, ammonium hydrate, ammonium carbonate, and ammonium 
oxalate solutions in the order named. Filter, convert the alkali-metals in 
the filtrate into chlorides by adding hydrochloiic acid, and estimate them as 
is descnbed in paragiaplis 428, 429 

564. Estimation of Sulphate. — Heat 100 c.c. of the original solution 
(560) to boiling, add a few drops of hydrochloiic acid, and precipitate with 
barium chloride solution. Weigh the barium sulphate (133). 

565. Estimation of Insoluble Organic Matter.— The residue left on 
the filter (560) will contain the organic matter, gangue, and undissolved phos- 
phate and sulphate. Dry the residue in the steam-oven, transfer it as com- 
pletely as possible to a platinum crucible, and weigh. Then ignite the crucible 
until all the organic matter has been destioyed. The loss of weight will give 
the amount of organic matter. 

566. Estimation of Silicious Matter. — Heat the ignited precipitate 
(565) with hydrochloric acid, in order to extract the portion which is soluble 
in acid. Filter off, wash, ignite, and weigh the residue, which consists of 
gangue or silicious matter. 

567. Estimation of Insoluble Iron, Aluminium, Phosphate, Oalcium, 
Magnesium, and Sulphate.— Make up the filtrate (566) to 250 c.c., and 
estimate its dissolved matter as is described in paiagraphs 561, 562, 564* 

568. Estimation of Nitrogenous Matter.— Superphosphates are occa. 
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sionally mixed with nitrogenous manures and ammoniacal salts, and nitrogen 
must then be estimated. 

Nitrogen present in these forms may be determined in 2 grams of the 
superphosphate by the soda-lime method (804)* Kjeldahl’s method (807) 
may also be employed ; but if nitrate is present, it must be removed by 
evaporating with ferrous sulphate and dilute hydrochloric acid before the 
nitrogen is estimated by this process. 

The ammonia may be determined by mixing 2 grams of the substance 
with sufficient water, then adding sodium hydrate, or magnesia if much nitro- 
genous matter is present, and distilling. The ammonia gas is received in 
standard acid, which is then titrated as is desciibed in paragraph 295* 

For the Results of an Analysis of Superphosphate of Lime refer to paragraph 
959- 


Analysis of Mineral Phosphates and Bone-manures. 

569. The above process for the analysis of superphosphate is applicable 
to the analysis of other mineral phosphates. Since, however, mineral phos- 
phates contain little or no matter soluble in water, the treatment with watoi 
may be omitted, and the phosphate may be at once treated with acid. Carbo- 
nate, if present, is estimated by the methods described in paragraphs 175" 
186. 

For Results of Analyses of Coprolites and of Bone -flour refer to paragraphs 
960, 961. 


Estimation of the Total P 2 0 6 in “ Basic Slag,” Mineral 
Phosphates and Superphosphates. 

570- For the estimation, 10 grams of the “ Thomas’ slag ” are heated with 
50 c.c. of strong H a S0 4 for fifteen minutes to a temperature at which white 
fumes appear. The cold liquid is then diluted to 500 c.c. and filtered. 

50 c.c. of the filtrate are mixed with 20 c.c. of citric acid solution, contain- 
ing 500 grams of the acid per litre ; and the liquid is nearly neutralised with 
the strongest ammonia solution diluted with ten times its volume of water. 

The solution is then precipitated by adding magnesia mixture (l67)> and 
one-third of its volume of the above ammonia solution. 

The piecipitate is weighed as Mg a P a 0 7 (l66)« 

For Results of Analyses refer to paragraph 962. 
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Analysis of Guano. 

57i- Since guano gives off ammonia when it is heated to 100° C., its 
moisture cannot be estimated in the ordinary way. About 4 grams are weighed 
into a bent glass tube ( 191 ), which is immersed in an air-bath or oil-bath heated 
to 120 ° C. 

One end of the tube is connected with a wash-bottle which contains a 
known volume of normal acid, and a current of air is drawn through the tube 
and the wash-bottle. The ammonia gas, which is given off during the heating, 
passes into and is absorbed by the acid in the wash-bottle. After the heating 
is stopped, the ammonia is estimated by titrating the free acid with standard 
sodium hydrate solution. 

The loss of weight suffered by the guano is equal to the total weight 
of the water and ammonia, hence the water may be calculated by difference. 
The dried substance is then ignited strongly in the air, and the loss of weight 
represents the amount of organic matter. 

The residue is treated with HC1, and the estimations which are described 
in paiagraphs 56 1 -564 are made in the solution. 

For Results of an Analysis of Guano refer to paragraph 963 * 



234 


GENERAL ANALYSIS. 


[572, 


DRY ASSAY OF ORES OF LEAD, SILVER, GOLD AND 

TIN. 


Dry Assay of Lead-ores. 

Tin* chief ore of lead is galena, PbS. The assay by means of iron ( 572 ) 
includes an estimation of silver, which is always present m the ore : if much 
arsenic is present a lower temperature must be employed. 

The oxides of lead, and oxidised lead ores which are free from sulphur 
arsenic and phosphorus, are readily assayed by reduction with carbon ( 573 , 

574 )- 

The procedure described below may be substituted with advantage for that 
descubed in paragraphs 483 and 484 m the estimation of the silver. 

572. Dry Assay of Galena for Lead.— The ore is reduced by heat- 
ing it with iron and with a suitable flux, and the metallic lead thus separated 
is weighed. Either iron may be introduced into a clay crucible (a), or an 
iron crucible may be employed (b). 

(a) Assay of Galena in a Clay Crucible ,— Grind the sample of ore in a 
mortar, and pass the whole of it through a fine sieve. Also reduce some 
sodium carbonate and some argol or crude tartar to fine powder. 

Now weigh out 25 grams of the ore, 25 grams of the sodium carbonate, 
2 grams of the argol, and 2 grams of borax which is added to increase the 
fluidity of the flux. 

Reserve one-fifth of the sodium carbonate ; mix the remainder well with 
the ore and with the argol, and transfer the mixture to the crucible, which 
has been previously dried by placing it under the furnace bars. Double over 
a piece of hoop-iron, which is of such a length that when bent it is the same 
height as the interior of the crucible, and place it in the crucible with the free 
ends downwards. Cover the surface of the mixture in the crucible with the 
sodium carbonate which has been reserved for that purpose, place the crucible 
low down in a dull red fire, and cover it with the lid. 

Now raise the temperature gradually, and at the end of ten minutes remove 
the furnace-cover slightly, grasp the piece of hoop-iron with the tongs and 
stir the mixture with it. After the lapse of another ten minutes stir again, 
and stiike the handles of the tongs sharply on the side of the furnace, in order 
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to detach any beads of lead, which may adhere to the iron, and cause them 
to drop into the crucible. 

Now heat more strongly for five minutes, remove the hoop-iron and 
raise the temperature by turning on the full draught, so as to render the slag 
fluid. Then remove the crucible from the furnace and pour the fused sub- 
stance out into a smooth conical iron mould ; turn the cool mass out of the 
mould, and hammer the button of lead found at the bottom in order to 
detach the slag from it. Then cleanse the button by rubbing it with a 
hard brush and weigh it. 

(b) Assay in an Iron Crucible . — For the estimation weigh out 30 grams 
of the very finely powdered ore, and mix this with 30 grams of dry sodium 
carbonate and 3 grams of crude tartar. Heat a wrought-iron crucible to dull 
redness in a wind-furnace, remove the crucible, introduce the above mixture, 
and cover its surface with a sprinkling of boiax. 

If the crucible has been previously used, heat it and sciape off the scale from 
the intenor before introducing the mixture. 

Now cover the crucible with the lid, replace it in the wind-furnace, and 
surround and cover it with coke. 

Heat the crucible moderately for about twenty minutes, taking care not 
to let the temperature rise too high ; then remove it from the furnace, and 
scrape down any slag, which adheres to the sides, with an iron stirrer. Tap 
the crucible gently, and pour the melted mass into a smooth conical iron 
mould. When the whole has become cold, lemove the mass from the mould, 
and break off the slag with a hammer from the metal button at the bottom • 
then v ash, dry, and weigh the lead. 

After the fused mass has been poured out, the internal surface of the crucible 
should be smooth, and no globules of lead or of partly fused portions of slag 
should be seen adheiing to the interior. The slag should be homogeneous, 
and should contain no particles of lead or undecomposed galena. 

Several assays must be made on the same ore, and the mean of the satis- 
factory results should be taken. 

A wrought-iron crucible will serve for from ten to twenty assays. 


573. Assay of Oxides of Lead. — The dry assay of PbO or Pb 3 0 4 may 
be made with the following mixture : 


For PbO. 

PbO 

40 grams. 

Pb 3 0 4 

For Pb 3 0 4 . 

. 40 

grams. 

Na 2 C0 3 . 

* 

30 „ 

Na 2 COj 

. . 30 

» 

Borax 

9 

10 „ 

Borax 

. 10 

ff 

Flour 

9 

8 , 

Flour 

. 10 

99 


The mixture is fused in a clay crucible in a wind 


furnace, avoiding too high 
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a temperature which might cause loss of lead by volatilisation : the melted 
mass is poured into a conical iron mould as soon as it is in a state of quiet fusion. 
The cold lead button is then detached from the bottom of the slag, and is 
weighed after it has been cleaned by hammering and brushing. 

By cupelling this button at a low temperature ( 577 ) amount of silver 
present in the lead oxide may be found. This must be known for the correc- 
tion to be applied in the silver and gold assays (582). 

574. Assay of Carbonate of Lead.— Weigh out 30 grams of the 
finely powdered ore : mix this with 10 grams of sodium carbonate and 10 
grams of tartar, and about 1 *5 grams of finely powdered charcoal ; then place 
the mixture in a small covered Battersea round clay crucible, and proceed 
as is described in paragraph 573. 


Assay of Lead for Silver. 

575. The button of lead ( 572 ) containing the silver is placed on a shallow 
vessel made of bone-ash, known as a cupel, and is heated in a muffle-furnace. 
The muffle is so arranged that products of combustion do not enter from 
the furnace, but a regulated current of air can be passed through it. 

The button melts and the lead is converted into oxide, which is partly 
volatilised and partly absorbed by the cupel. The silver remains on the 
surface of the cupel as a small globule, which is detached and weighed. 

576. Preparation of Bone-ash Cupels.— Cupels may either be pur- 
chased, or they may be prepared as follows : 

Some finely powdered bone-ash is sprinkled and well mixed in a mortar 
with sufficient water to cause it to hold together when it is pressed with 
the hands, but the mixture must not be so wet as to soil the hands. 

The moistened bone-ash is introduced into a suitable mould, a plug is 
placed upon the bone-ash and is struck sharply with a hammer several times. 
The cupel thus formed is detached f 1 om the mould and dried at a gentle 
heat in the air : it should not be used until it is at least ten days old. 

577. The Process of Cupellation. — Place one of the cupels in the hot 
muffle and heat it to bright redness for about ten minutes, so as to drive off 
all the moisture. 

Drop the button of lead (572) into the heated cupel by means of the assay- 
tongs, and close the muffle-door. A black crust will form on the surface of 
the lead, but this will disappear in a short time, leaving the button brighter 
than the cupel. If this “ clearing ” does not take place, drop a little powdered 
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charcoal, wrapped in tissue-paper, into the cupel, and raise the temperature 
of the muffle. If the clearing does not now appear, start with a fresh button, 
and apply a higher temperature. 

As soon as the button is “ clear,” reduce the draught of the furnace, 
and allow a little air to enter by the muffle-door ; also let the temperature 
fall somewhat, since the temperature at starting is higher than is needed 
during the oxidation of the lead, and might give rise to loss of silver by 
volatilisation. Towards the end of the process, raise the temperature again 
by closing the muffle-door and increasing the draught. 

The final stage is easily recognised, since the thin layer of oxide is reduced 
to a film producing iridescent colouis, and these suddenly disappear when 
the operation is finished. When the cupel is removed from the muffle, the 
globule of silver suddenly glows and solidifies. 

Now remove the cupel fiom the muffle, and allow it to cool (Note). Detach 
the bead, hammer it out on a small anvil, and finally clean it with a hard brush. 
Weigh the bead carefully on a very delicate balance, and calculate the weight 
of silver present m the lead, stating the result in troy-ounces per ton of lead. 

Note. — If the silver bead is not very small, there is risk of “ spitting ” taking 
place duiing its cooling, which is due to the evolution of oxygen absorbed by the 
liquid metal. This may give rise to serious loss of the metal It can be avoided 
by making the process of cooling very slow, preferably by covering the cupel with 
another hot cupel before removing it from the muffle and allowing the two to cool 
together. 


Dry Assay of Gold Quartz. 

578. Since the amount of gold in gold-ores rarely exceeds 2 ounces per 
ton, and is usually much less than this, it is necessary to extract the metal 
with great care. The process is divided into three parts. 

(1) The ore is heated with lead oxide and a flux, and the lead thus 

produced extracts the gold and silver from the ore. 

(2) The lead button is cupelled, and the silver and gold are left on the 

cupel. 

(3) The gold is “ parted ” from the silver, by dissolving out the latter 

with nitric acid. 

579- Concentration of the Gold. — Powder the ore and pass it through 
the finest brass-wire sieve ( 56 )* Weigh out 50 grams of the powdered ore, or 
100 grams if the ore is a veiy poor one, or 32*7 grams for one “ assay- ton ” 
(582, b)t and mix this intimately with the flux in the proportions stated m 
grams in the first two columns and for the assay -ton proportions in the third 
column. 
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Quartz-ore 



50 

100 

32-7 

Red Lead (582) 


. 

40 

40 

30 

Na 2 C0 3 

.... 

. 

75 

125 

40 

Borax . 

.... 

. 

15 

25 

5 

Flour . 

.... 

. 

4-5 

4*5 

45 

Charcoal 

.... 

. 

1-5 

1 5 

1*5 


Glass powder may also be added when mixing, if it is found necessary 
to increase the fluidity for “ pouring.” 

Transfer the mixture to a smooth fire-clay crucible, which is then covered 
with the lid and heated in a wind-furnace. The heat at first must not be 
too great, but must be raised considerably before “ pouring ” into a warm 
conical iron mould. Detach the lead button from the glass-like slag, which 
should separate easily and must contain no particles of lead. 

The slag from rich ores may contain particles of lead : if this is the case 
it should be crushed and mixed with 20 parts of red lead, 5 of Na 2 C0 3 , and 1 of 
charcoal, and heated once more. The lead button thus obtained is added 
to that already obtained. 

580. Cupellation. — The lead button is now cupelled (577), a high 
temperature being used so as to separate the copper completely. A high 
temperature may be safely used, since gold is much less volatile than silver. 
The button of gold and silver is then cleaned and weighed. 

581. Parting. — The process of “ parting ” consists in dissolving out 
the silver from the gold by means of nitric acid. 

If the bead is yellow, it contains more than 50 per cent, of gold. If it 
contains more than 30 per cent, of gold, the gold will retain silver after the 
parting : but if not more than 30 per cent, of gold is present, the whole of the 
silver will be dissolved. The presence of too much silver causes the gold 
to be left as a powder which is difficult to manipulate. The most convenient 
proportions are 2-5 parts of silver to 1 part of gold. 

If the gold does not exceed 30 per cent., flatten out he lo d by carefully 
hammering it. If the bead is large, anneal it occasionally by heating it to 
redness on charcoal in the blowpipe -flame. In any case, finally anneal the 
flattened button before “ parting ” it. 

Now heat a little strong nitric acid, diluted with twice its volume of 
water, nearly to boiling in a tube, and drop into it the weighed button. Keep 
the liquid at this temperature for ten minutes, then pour off the acid, and 
heat the button with nitric acid diluted with an equal volume of water. Boil 
for several minutes, then pour off the acid, and wash the residue with distilled 
water. 

Fill up the tube with water, cover the open end with a small porcelain 
crucible and quickly invert the tube, carefully avoiding loss. The gold will 
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settle down to the bottom of the crucible. Then remove the tube and water, 
and dram off the water from the crucible ; dry the gold, and heat it until it 
changes from a dark red to a yellow colour. Now cool the metal, transfer 
it to a watch-glass, and weigh it accurately. From this result calculate the 
weight of gold present m the ore, stating the result as ounces per ton. 

If the button contains more than 30 per cent, of gold before “ parting,” 
it will retain silver. In such a case sufficient silver is added to raise the pro- 
portions to 2*5 parts of silver to 1 part of gold, and the parting is repeated 
with this alloy. 

If the gold weighs only 2 or 3 milligrams, the requisite quantity of silver 
may be alloyed with it by simple fusion on a clean cupel before the blowpipe. 

If the amount of gold exceeds a few milligrams, weigh out the required 
amount of silver, wrap the silver and gold together in 1 gram of sheet-lead 
( 582 )? and cupel the metals ; then flatten, anneal, and “ part ” the gold button. 
The gold will now be free from silver, and may bo weighed on a very delicate 
balance, and the weight of gold calculated as ounces per ton of ore. 

582. The Silver which is introduced in the Red Lead, and subsequently 
in the metallic lead, must be estimated and allowed for. The silver is usually 
estimated by cupellation (573, 577 ), but it may be determined in the mtno 
acid solution of the lead as is described in paragraph 484. 

(a ) Example of Gold-ore Assay. — 50 grams of oro were fused with flux, and a 
lead button was obtained which gave on cupellation a yellow bead weighing 2*5 
milligrams. Before “ parting,” the bead was rccupelled with 2 milligrams of 
silver After parting, the white bead yielded 1 milligram of gold. 

Bearing in mind that the number of grains in ono ton =2240x7000, and that 
there are 480 grains in 1 ounce Troy, the weight of gold present in the ore is calcu- 
lated as grains and then as ounces per ton, as follows : 

rru u f ii 2240 x 7000 X 0 001 01 _ . 

The weight of gold — = 313 6 grains per ton of ore. 

~ ou 

3i 3 6 A , . 

= — - a 0 65 ounce per ton of ore. 

From the above results, tho weight of Ag m the button = 3*5 milligrams. 
Subtracting the weight of Ag m the red lead used 1*1 1 __ 

and the weight of Ag added . . . . 2 0 J ” 

the weight of silver from tho ore = 0*4 , t 

Therefore by calculation from this result, as above : 

The weight of silver = 0 20 ounce per ton of ore. 

(b.) If 32*7 grams, or one “ assay- ton ” of ore was used for the assay, the number 
of milligrams of gold or of silver obtained represent at once the number of ounces 
of the metal in one ton of the ore. The assay ton figure is obtained by dividing 

2240 X 7000 

the number of troy- ounces in the English ton by 1000, thus =32*7. 

The American ton of 2000 lbs. is sometimes used, and in that case tho weight of 
oro required would be 29 17 grams. 
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Dry Assay of Tin-ore 

583 . Cassiterito, “tinstone,” or “black tin” is the ordinary tin-or© of 
commerce. This mineral consists mainly of Sn0 2 . If it is fairly free from 
quartz and other “ gangue,” it may be conveniently assayed in the following 
manner : 

20 grams of the finely-powdered ore arc boiled for about half an hour with 
50 c.c. of strong HC1, 15 c.c. of strong HN0 3 are then added to the cool liquid 
and the mixture is again heated for about the same time. The hot liquid 
is then diluted with about 120 c.c. of water, the whole is stirred well, allowed 
to settle and filtered. Tho residue is well washed several times with hot water 
in the same way, and then several times with dilute ammonium hydroxide 
solution to ensure the separation of the tungsten. It is finally well washed in 
the filter-paper, and is then dried and ignited with the paper m a small clay 
crucible. 

The residue is now intimately mixed with 40 grams of potassium cyanide, 
and after placing half this quantity of tho cyanide m the bottom of the 
crucible, the above mixture is added and is then covered with another 20 grams 
of the cyanide. The crucible is now placed m a wind-furnace and is mam* 
tamed at a red heat for about half an hour, and its contents are then poured 
into a conical iron mould and allowed to cool. The button of tin is removed 
fiom below the saline mass and is cleaned and weighed as usual. 

Tho result furnished by the above assay is usually sufficiently accurate 
for commercial purposes . but if a more exact determination of tin is required, 
tho button may be dissolved in hydrochloric acid out of contact with the air 
( 305 ) and the stannous chloride titrated by iodine solution ( 338 ). 




PAET IV -SECTION X 

WATER ANALYSIS. 


600. Introductory Remarks. — The chemical examination of water is 
usually undertaken m order to ascertain the suitability of the water for 
di inking, or for technical purposes. 

If the fitness of a particular water-supply for the purpose of washing with 
soap, or of raising steam, is to be ascei tained, the examination may be restricted 
to certain determinations of its mineral constituents, such as total solid residue, 
permanent and temporary hardness, and acidity. 

If, however, the suitability of the water for drinking purposes is to be 
determined, it often becomes necessary to estimate the amount of certain 
substances which may be hurtful to health. Some of these are of a mineral 
character, such as lead salts. But commonly the most serious and dangerous 
contamination to be anticipated is that arising from drainage or sewage. 
The introduction of such animal refuse is frequently indicated by the 
presence of an abnormal proportion of ammonium compounds, of chlorides, 
or of nitrites or nitrates in the water. These indications are usually valuable, 
but they are only of importance when no other source of these substances is 
possible. 

The detection of more recent sewage contamination, in the form of organic 
matter, involves the application of certain special processes. The process 
of combustion, introduced by Frankland and Armstrong, estimates the 
absolute amounts of organic carbon and nitrogen which are present in the 
residue obtained by evaporation of the water, and from the absolute and 
relative amounts of these elements the existence and extent of recent sewage 
contamination are deduced. 

This process, however, involves the use of special apparatus, and also 
requires a somewhat considerable expenditure of time and skill. Hence other 
processes for estimating organic matter in water, which are more simple and 
expeditious, have been more generally adopted by analysts. These processes 
are described in the text, and the student is referred to Frankland's Water 
Analysis , or to the description of this process in Sutton's Volumetric Analysis , 
for an account of the combustion method. 

Reference should be made to paragraphs 646-653 for a consideration of 
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the results obtained by the chemical examination of water and the inferences 
to be drawn from them. 


Collection and Inspection of the Sample. 

601. Collection of the Sample of Water.— Samples of water are 
most conveniently collected and stored in Winchester quart bottles. These 
bottles are commonly made of blue glass, and are provided with accurately 
fitting stoppers. Each bottle holds about 2400 c.c. For an ordinary analysis 
one Winchester quart bottle filled with the water will be found sufficient. 

Before the bottle is filled with the water-sample, it should be well washed 
out with water, and then allowed to drain in an inverted position. Bottles 
which have been used for acids should be preferred, since they are most 
readily cleansed. 

The use of stoneware bottles and of corks in storing water-samples is to be 
condemned. 

Before the bottles are filled, they should be rinsed out two or three times 
with the water. When the water is to be collected from a river or spring 
the bottle is totally immersed in the water, and is thus filled to within half 
an inch of the bottom of the stopper. If the water is supplied from a pump 
or tap, several gallons should be allowed to flow away before the sample is 
taken. A sample of a town supply must be drawn direct from the street- 
mains, and not from a storage-cistern. 

The stopper is inserted a3 soon as the bottle has been filled. It should 
be held in its seat by drawing down tightly over it a piece of sheet rubber, 
or of clean calico or linen rag, the edges of which are firmly tied round just 
beneath the projecting edge of the neck with string or with thin copper binding- 
wire. The fastening should be sealed with sealing-wax. No lute or other 
material, which might find its way into the bottle when the stopper is removed, 
must be employed. 

Samples of water should be stored in a cold, dark room or cellar. 

602. Order of Work.— In carrying out the following estimations, 
the order in which they are to be started should be carefully considered, with 
the view of economising time as far as possible. Experience has shown that 
if the processes are started in the order in which they are described in the text, 
this end will generally be best secured. 

Ammonia and organic matter should be determined as soon as possible 
after the sample has been collected, and immediately after the bottle has been 
opened, since these constituents often suffer rapid change in amount when the 
water is kept or is exposed to the air. The water in the bottle should be 
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shaken up before any portion is poured off for analysis, in order to maintain 
its uniformity of composition. 

It is usually unnecessary to carry out the whole of the following estimations 
on any one sample of water, and the analyst must select those which give the 
necessary information in each case. Thus, water which is to be used m a steam 
boiler should be free from acidity, contam but little dissolved solids, and have low 
hardness ; and in water used for washing and dyeing, low hardness and absence 
of iron are of special importance. 

603. The Colour of the Water is observed by pouring it into a tall 
narrow cylinder of white glass, and looking down the cylinder upon a white 
surface. The tint should be compared with that of a sample of pure water. 
The cylinder, or tube, in which this test is made, should be about 60 cm. in 
length. 

The Taste and Smell of the water are usually observed after it has 
been gently heated. 

Acidity. — Pure natural water is usually slightly alkaline in reaction, 
and a strip of neutral litmus-paper ( 265 ) immersed in it becomes distinctly 
blue. Acid reaction usually indicates the presence in the water of 
manufacturers’ waste or of mine products. 


Examination of the Suspended Matter. 

604. Chemical Examination of the Suspended Matter. — The 
presence of suspended matter in water usually indicates imperfect filtration, 
but it may be due to the action of the water on lead { 638 ), and to other causes. 
It is not usual to filter the water before analysis unless it is distinctly 
turbid. If, however, much suspended matter is present, its amount may 
be estimated and the water may at the same time be rendered clear, by pro- 
ceeding as is directed under (a) or (b) below. 

(a) The necessary quantity of water is passed through an unwashed 
filter which has been dried at 110 ° C. until its weight is constant ( 6 l), and 
the weight of the suspended matter in the filter is determined as is directed 
below. The first part of the filtrate is rejected, or is used only for the deter- 
mination of total solids, chloride, nitrate, hardness, or poisonous metals. 
The latter portion of the filtrate, or another portion of the sample which has 
become clear by subsidence, is employed for determining ammonia and 
dissolved organic matter. 

The suspended matter is washed in the filter with distilled water t and 
is dried at 110° C. until its weight is constant* 
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The increase of weight of the filter will give the total weight of suspended 
matter in the volume of water used, which will usually be one or two litres. 
The weight of dry suspended matter in parts per 100,000 is therefore found 
by multiplying this result by 100 or by 50. 

Now burn off the organic matter from the residue, and incinerate the 
filter in a platinum crucible (IOI) : or if the suspended matter is small in 
amount and adheres to the filter, cut the filter up into strips with a clean 
pair of scissors, and incinerate it in the platinum crucible. As soon as all 
the carbon has been burnt away, recarbonate the residue by adding a few drops 
of ammonium carbonate solution ; then ignite it again at a low temperature, 
and weigh it when it is cold. 

This weight, less that of the filter-ash, will be the weight of inorganic 
suspended matter. Calculate from this the weight in parts per 100,000. The 
difference between this number and the one previously obtained for the 
total suspended matter, represents the amount of organic suspended matter. 

(b) If the filtered water must be used for detei mining the ammonia and organic 
matter, pour several litres of distilled water, free from ammonia, through a 10 cm 
dried and weighed filter- paper. This will dissolve out the ammonia which may 
be present in the paper. Ascertain that the water, which passes through the 
filter, has ceased to dissolve out any ammonia, by adding to the last poition of it 
2 c c. of Nessler solution ( 6 o 8 ) : the water must lemain colourless after standing 
for five minutes (6l0). 

Then fit the filter into a funnel Shako up the sample of water in the bottle, 
and pour a measured quantity — say 2 lities — of the water through the filter, 
receiving the water in a clean diy Winchester quart bottle This water is used 
for the determination of ammonia and organic matter, and the suspended matter 
ill the filter is weighed as is directed under (a). 

60 S* Microscopic Examination of the Suspended Matter.— It 
is advisable to examine the suspended matter under the microscope. For 
this purpose allow the water to remain in a tall cylinder for several hours, 
until the suspended matter has been deposited. Carefully pour off the clear 
supernatant water as completely as possible ; then transfer a drop of the residual 
liquid to a glass slide, and examine it with a one-sixth objective. Take 
special care to look for fibres of wool, hair, muscular tissue, or any kind of 
animal matter which would be indicative of sewage. The presence of organisms 
should be carefully noted, and the piesence of chlorophyll granules and cells 
will indicate vegetable matter. 


Estimation of the Total Dissolved Solids. 

606 . Rinse a clean platinum or porcelain evaporating -dish with distilled 
water, heat it to redness, then allow it to cool in a desiccatoi and weigh it 
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carefully. Place the dish upon a glass ring on the water-bath, or on a beaker 
of suitable size placed on a tripod stand (72). The bath or beaker should be 
about two- thirds filled with water, and a few small pieces of paper should be 
thrown into the water if a beaker is used, in order to prevent the wator 
from bumping while it is boiling. 

Now measure out 500 c.c. of the water in a graduated delivering- flask 
and fill the dish to within about 1 cm. from its edge with the water. The 
volume of the water used may be reduced if much dissolved solid matter is 
present. As the liquid evaporates, continually add more of the water, until 
the whole of it has been transferred to the dish. When all the water has 
evaporated, cleanse and dry the outside of the dish, then place it in the 
steam-oven, and heat it until its weight is constant. 

Since the residue in the dish is often hygroscopic, the weighing must be 
performed rapidly and as soon as the dish is cold. It is even advisable to 
cover the dish with a plate of mica, which has been weighed with the empty 
dish. 

The residue should be reserved in the dish for the estimation of nitrate 

[621). 

For the Interpretation of the Results see paragraph 646 , 


Estimation of Ammonia. 

6o7- All processes connected with this estimation must bo conducted in 
a room which contains no ammonium salts or other sources of ammonja. 

The estimation should be made as soon as possible after the collection of 
the sample, and immediately after the bottle has been opened. 

The process depends upon the fact that when the water is distilled with 
a little sodium carbonate, the whole of the ammonia, which is present in the 
water either in the free or in the combined state, passes over in the first portion 
of the distillate, and may be estimated by the addition of Nessler solution. 

Nessler solution gives a yellow or brown coloration with ammonia or 
ammonium salts, the intensity of the colour increasing with the proportion 
of ammonia present. 

The colour produced in the distillate by the Nessler solution is accordingly 
exactly matched, by adding the same quantity of the Nessler solution to the 
same volume of pure water, to which a suitable and known amount of standard 
ammonium chloride solution has been added. The quantity of ammonia m 
the distillate is then equal to that in the ammonium chloride used. 

The Following Requisites ( 608 - 613 ) must be provided for this estimation. 
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608. Nessler Solution. — Three litres of this solution may be pre- 
pared according to the following directions, but a smaller volume will usually 
suffice, and may be made from proportionately smaller quantities of materials. 

Dissolve 180 grams of potassium iodide in 250 c.c. of water and pour this 
solution upon 70 grams of mercuric chloride contained m a glazed porcelain 
mortar ; then triturate the mixture until the solid matter is dissolved, and make 
up the whole to 2500 c.c. by the addition of water. Now add 454 grams 
of caustic potash in sticks, allow the substance to dissolve, and when the 
liquid has cooled add saturated solution of mercuric chloride gradually 
in sufficient quantity to form a slight permanent precipitate. Dilute this 
solution to three litres, allow it to become clear by standing, and then care- 
fully decant the clear liquid. 

Keep this Nessler solution in bottles which are closed with well-fitting 
rubber stoppers, and decant a portion of the clear solution from time to time 
into a smaller bottle for use. 

It will be found convenient to fit a perforated rubber stopper into the 
neck of the small bottle. A glass tube, with 1 c.c. and 2 c.c. marks upon it, 
passes through this stopper, and serves to measure out and deliver the required 
quantity of the solution. 

609. Standard Ammonium Chloride Solution.— Weigh out accu- 
rately 3*14 grams of pure recrystalliscd ammonium chloride. Dissolve it 
in water, and make the solution up to a litre. This solution is too strong 
for use, but it is of convenient strength for a stock solution. When the 
standard solution is required, dilute 10 c.c. of the stock solution to a litre. 
Each c.c. of the diluted solution coi responds to 0 00001 gram of NH 3 . 

610. Water Free from Ammonia. — Ordinary distilled or soft water 
frequently contains sufficient ammonia to render it unfit for use m the estima- 
tion of ammonia. In order to ascertain whether ammonia is present, a small 
glass cylinder (6ll)is nearly filled with the distilled water, 2 c.c. of Nessler 
solution (608) are added, and the liquids are mixed by stirring. The cylinder 
is then placod on a white surface, and if no yellow coloration appears after 
standing for five minutes the water is sufficiently pure for use. 

If, however, a yellow or brown coloration appears, procoed to distil the 
water in the following way : Pour the water into a large flask (6l2), and add 
about a gram of sodium carbonate prepared by the recent ignition of sodium 
carbonate crystals (613)* Connect the flask with a condenser (I0l6), and 
then boil the water. After rejecting the first portion of the distillate, 
collect the remainder in a small glass cylinder (6ll) and test it with Nessler 
solution in the way which has just been described. 

As soon as the distillate ceases to give a coloration with Nessler solution 
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collect it in a clean Winchester quart bottle, and keep the tightly stoppered 
bottle in a room which contains no ammonium salts or other sources o£ 
ammonia. 

Instead of adding sodium carbonate to the water in order to get rid of the 
ammonia as is directed above, the ammonia may be retained in the water 
in the flask during the process of distillation by the addition of a few drops 
of dilute sulphuric acid ; the whole of the distillate will then be free from 
ammonia. 

611. The Glass Cylinders which arc used m this process should be made of 
perfectly colourless glass : they are 15 cm m height and 4 cm. in diameter, and 
the capacity of 50 c c is maiked upon the side It is essential that they should 
be uniform m size and capacity. Similar cylinders of 100 c.c. capacity are useful 
for other processes described later on. 

6 1 2 . Distillation Flask — If the flask which is used for the distillation is 
fitted with a rubber coik, it fiequently happens that the distillate is contaminated 
with ammonia for a long time. With some rubber corks it is impossible to obtain 
ammonia-free water. 

A convenient flask, which does away with this source of trouble, is a round 
fractionating flask of not less than 2 litres capacity, with the ordinary side-tube 
fused upon the side of the neck (Fig 19, p. 23). Its neck is closed by a well-fitting 
glass stopper, which has been ground in by means of fine emery-powder and water 
In place of the stopper a well-fitting cork covered with tm-foil may be used The 
side-tube is passed to a distance of about 10 cm. down the mner tube of the 
condenser, and should be of such diameter as to fit into this tube precisely. By 
this arrangement the contact of the steam with rubber is prevented. 

613 Sodium Carbonate Crystals do not usually contain ammonia, which is 
however often present in other forms of the salt. Since it is difficult to remove this 
impurity by ignition, and its presence lenders the salt unsuitable for this 
estimation, the sodium carbonate should be dissolved and tested with Nossler- 
solution (6lO) before it is used 

614 . The Process of Estimating Ammonia.— The following prelimi- 
nary test is made for the purpose of ascertaining what amount of water 
should be used for the moie exact determination of the ammonia. 

50 c.c. of the water under examination are measured into a glass cylinder 
( 6 l I), and the cylinder is placed upon a white tile. 2 c.c. of Nessler solution 

( 608 ) are added to the water, and the liquid is then well stirred. 

50 c.c. of the distilled water free from ammonia ( 6 lO) are now poured into 
a second cylinder, 0 5 c.c. of the dilute standard ammonium chloride solution 

( 609 ) is added, and the liquid is mixed with 2 c.c. of Nessler solution. 

If the intensity of colour in both cylinders is about the same, after they 
have been allowed to stand for about five minutes, half a litre of the water 
may be used for the determination of the ammonia. 
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If the coloration produced by the water-sample is less or greater than that 
of the standard, a proportionately larger or smaller quantity of the water 
must be used. A little experience will render it possible to judge the amount 
of water to be used for the distillation, after merely inspecting the colour 
which is obtained in the preliminary experiment. 

It should bo remembered that the coloration, which corresponds to that 
given by about 2 c.c. of the standard ammonium chloride solution, is most 
suitable for accurately determining ammonia by this process. 

(a) Process of Distillation . — Now adapt the distillation-flask to the con 
denser ( 6 l 2 ), and proceed to free the apparatus from ammonia as follows i 
Pour into the flask about 250 c.c. of water free from ammonia ( 6 lO), and add 
a gram of recently ignited sodium carbonate ( 613 ). Heat the flask with an 
Argand burner ( 95 ), or with a Bunsen burner which is raised to within about 

1 cm. from the bottom of the flask so as to flatten out the flame. 

When the liquid boils briskly, allow the steam to blow through the whole 
apparatus for a few minutes. Then continue the distillation, condensing 
the steam, until about 50 c.c. of water have been collected in one of the glass 
cylinders ( 6 ll), and test this for ammonia by adding 2 c.c. of the Nessler 
solution. If any coloration is seen, distil over about 50 c.c. more of tho 
water into a fresh cylinder and test again with Nessler solution. Continue 
this procedure until no ammonia can be found in the last portion of the 
distillate. The apparatus has now been freed from ammonia. 

Pour the requisite quantity of the water under examination into the flask, 
and distil over three separate portions of about 50 c.c. each into three cylinders. 
Reserve these in tho order in which they have been collected. Then allow 
the apparatus and its contents to stand by undisturbed for the subsequent 
determination of the “ albuminoid ammonia ” ( 6 l 5 )» 

(b) Process of “ Nesslerismg .” — Add to the contents of tho second of 
the test-cylindois which contain the distillate, 2 c.c. of Nessler solution, stir 
well, and place the cylinder on a white tile. Now make a comparison-test 
by dropping into a clean empty cylinder 1 c.c. of the standard ammonium 
chloride solution fiom a buicttc, adding 50 c.c. of ammonia-free water and 

2 c.c. of Nessler solution, and mixing tho liquids by stirring. Allow both 
the cylinders to stand for five minutes before their tints are compared. 

If tho intensity of colour in tho two cylinders is not tho same, throw away 
the contents of tho comparison- cylinder and rinse it out with water. Drop 
into the cylinder either moro or less of the ammonium chloride solution, as 
may be considered necessary, and pour in 50 c.c. of the ammonia-free distilled 
water. Now mix the liquid with 2 c.c. of Nessler solution, allow the cylinder 
to stand for five minutes, and compare the coloration with that; in the test- 
cy Under, 
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These operations are repeated, if necessary, until the colour in the test- 
cylinder matches that in the comparison-cylinder : the volume of the ammo- 
nium chloride solution which has been required is then noted down. 

The process may usually be hastened by preparing four standard cylinders 
containing 0*5. 1, 2 and 3 c.c. respectively of the ammonium chloride solution, 
together with the ammonia-free water and Nessler solution, and judging the 
value of any slight variation of colour-intensity from any one of these. 

The addition of the ammonium chloride solution to the water must always 
ptcccdo that of the Ncsslci solution, else the liquid will become turbid and an 
accurate comparison of the colours will be impossible. 

The distillate in the thitd cylinder may now be tested in the same way 
with the Nessler solution. It will usually be found to contain no ammonia. 
But if it requires more than 1 c.c. of the standard ammonium chloride solution, 
the distillation must be continued, and a fourth cylinder must be collected 
and tested. 

If the colour given by the second cylinder does not require more than 1*5 
c.c. of the ammonium chloride solution to match it, the first cylinder may 
be tested at once in the same way as the second. 

If more than 1*5 c.c. of the ammonium chloride solution is required to 
match the second cylinder, the whole of the first distillate must not be mixed 
with the Nessler solution, elso the colour produced would be too intense to 
allow of accurate judgment. In this case the volume of the first distillate is 
ascertained, and 25 c.c. or even less of the distillate are then diluted to 50 c.c. 
with ammonia-free water, and are tested with the Nessler solution in the 
manner already described. The total amount of the ammonium chloride 
solution, which would correspond to the ammonia in the distillate in the 
first cylinder, is then calculated. 

The separate amounts of ammonium chloride required by the different 
portions of the distillate are now added together, the weight of ammonia 
present in the chloride is calculated, and fiom this the weight of ammonia 
contained in 100,000 parts of the water is found. 

Example — The first cylinder of the distillate from 500 c c of the water required 
3 c c , and the second 1*5 c c. of the ammonium chloride solution ; the total amount 
used was therefore 3 + 15=45cc Hence it follows that half a litre, or 600 
giams, of the water contains 4 5 x 0 00001 = 0 000045 gram of NH S , and the 
water contains 0 000045 x 200 = 0 009 part of NH 3 per 100,000. 

For Interpretation of the Results refer to paragraph 647. 
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Estimation of Albuminoid Ammonia. 

615. Estimation of Albuminoid Ammonia. —When an organic sub- 
stance containing nitrogen is mixed with alkaline potassium permanganate 
solution and the liquid is boiled, either a portion or the whole of its nitrogen 
is evolved as ammonia. The ammonia thus generated has been termed 
“ albuminoid ammonia.” 

The fraction of the total nitrogen, which is thus converted into ammonia, 
appears to be definite for any one organic substance ; but the fractions of 
the total nitrogen evolved as ammonia from different substances vary greatly. 
Hence this method would be of no value for estimating the amount of sewage 
contamination in a water, if the nitiogenous organic matter in sewage were 
not fairly uniform in its character. It is maintained that m ordinary water 
containing sewage, “ the disintegrating animal refuse is pretty fairly measured 
by ten times the albuminoid ammonia which it yields.” 

Sewage or sewage effluents, and liquids which contain much nitrogenous organic 
matter, may be acidified and evaporated, and the residue may be treated by the 
Kjeldahl process (807) The total nitrogen is thus estimated as ammonia 

For the estimation of albuminoid ammonia, an alkaline solution of potas- 
sium permanganate is required, in addition to the requisites for the process 
of estimating ammonia (608-613). 

616. Preparation of Alkaline Potassium Permanganate Solution. 
— Pour about 44 c.c. of distilled water into a flask, add 10 grams of 
potassium hydrate and 0 5 gram of potassium permanganate. While the 
distillation of the water for the estimation of ammonia is proceeding (614), 
boil the above liquid vigoiously in the open flask. As soon as the liquid has 
been boiled down to about half its onginal volume, it is free from ammonia 
and is ready for use in estimating the albuminoid ammonia. 

617. The Process of Estimating “ Albuminoid Ammonia.'— Add 
tho alkaline potassium permanganate solution (6l6) to the liquid which is 
left in the distillation-flask after the estimation of tho ammonia (614, a) ; 
then pour in sufficient ammonia-free water (6l0) to bring up the volume to 
about half a litre. 

Boil tho contents of the distillation-flask over an Argand flame (95), or 
over a naked Bunsen flame flattened against the bottom of the flask, until 
at least four 50 c.c. portions have been collected in separate cylinders (6ll). 
Test each of these portions with Nessler solution, starting with the last one, 
and reject any portions of the distillate which are practically free from 
ammonia. 
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If the quantity of ammonia in the distillate is believed to be small, the 
cylinders may be “ Nesslerised ” in the manner described in paragraph 614, h. 
If much NH 3 is present, either proceed as is there directed, or mix the 
several portions of the distillate together, measure the volume of the mixture, 
and estimate the ammonia in 50 c.c. of it with the Nessler solution : then 
calculate the amount of ammonia present in the whole of the mixture. 

From the whole amount of “ albuminoid ammonia,” which has been found 
in the distillate, the weight which is present in 100,000 of the water is found, 
as is shown in the Example (614)- 

For the Interpretation of the Results refer to paragraph 648. 


Estimation op the Organic Matter. 

618. Estimation of the Oxygen Consumed by the Organic Matter, 
by the Forschammer or Oxygen Process. — This process enables a 
judgment to be formed as to the total amount of oxidisable matter present in 
water. In the absence of nitrite and of other inorganic reducing substances, 
the amount of oxygen which is required for the oxidation of the oiganio 
matter can be accuiately determined by this process. 

The process consists in mixing a known volume of the acidified water 
with a known volume in excess of standard potassium permanganate solution. 
The mixture is allowed to stand for a definite time at a definite temperature, 
and the organic matter in the water is thus oxidised. The excess of the 
permanganate remaining after the oxidation is then estimated, and is sub- 
tracted from the amount originally added. The result is the amount of 
permanganate which has been required to oxidise the organic matter. 

It is best to mix two samples of the water with the permanganate, and to 
expose them to a temperature of 27° C. The first is maintained at this tem- 
perature for fifteen minutes, and the second for four hours. This procedure 
gives some indication of the nature of the reducing substance, since nitrites, 
ferrous salts or sulphuretted hydrogen will effect reduction immediately, 
whereas a relatively large amount of ordinary organic matter will only reduce 
the permanganate after a considerable time. 

The Following Solutions are required for this process : 

(a) Solution of Potassium Permanganate . — Dissolve 0*395 gram of pure 
potassium permanganate in 1000 c.c. of water. Each c.c. of this solution 
oontains 0*0001 gram of oxygen available for oxidation. 

(b) Sodium Thiosulphate Solution . — Dissolve 2*5 grams of pure re- 
crystallised sodium thiosulphate in a litre of water. 
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(c) Dilute Sulphuric Acid . — Dilute 1 volume of pure strong sulphuric 
acid with 3 volumes of water, and add KMn0 4 solution to the liquid until 
a very faint but permanent pink coloration is obtained. 

(d) Potassium Iodide Solution . — Dissolve 1 part of pure recrystallised 
potassium iodide in 10 parts of water. 

(e) Starch Solution . — Dissolve 1 part of starch in 100 parts of boiling 
water (333), and use the clear cold solution. 

The Process of Estimating the Oxygen required by the Organic 
Matter.— Rinse out two 500 c.c. stoppered flasks (A, B), first with strong 
sulphuric acid to destroy organic matter, and then with distilled water. 
Measure into each flask 250 c.c. of the water under examination. Place the 
flasks in a watei-bath or air-bath which is kept at a temperature of 27° C. 
by means of a suitable regulator. When the contents of the flask have 
attained the temperature of 27° C. measure into each of them 10 c.c. of the 
standard potassium permanganate solution (a), and 10 c.c. of the dilute 
sulphuric acid (c), and mix the liquids by shaking them round m the flask. 
Then restopper the flasks and place them again in the bath. 

If the pink colour at any time disappears from the water in the flask, 
stait the process afresh with 20 c.c. of the peimanganate solution; and if 
the pink colour is seen to be diminishing rapidly, add a further 10 c.c. of 
permanganate solution. 

At the expiration of fifteen minutes take flask (A) out of the bath and 
add a little potassium iodide solution (d). The pink colour of the perman- 
ganate will change to yellow, sinco the oxygen of the permanganate liberates 
its equivalent of iodine. Now add the thiosulphate solution (b) from a 
burette, until the colour of the liquid in the flask fades to a pale straw tint. 
At this stage add 1 c.c. of fresh starch solution (e). A deep blue colour will 
appear: proceed to add more thiosulphate solution gradually until this 
colour entirely disappears. 

After the other flask (B) has been kept for four hours at 27° C. take it out 
of the bath and titrate its contents in a similar way. 

Then proceed to titrate the standard thiosulphate solution (b), since 
although the solution may retain its strength for a few days, it is subject to 
•apid change. To 250 c.c. of pure recently distilled water (IOI5)add 10 c.c. 
of the sulphuric acid (c), 10 c.o. of the permanganate solution (a), and a few 
drops of the potassium iodide solution (d), and titrate this liquid as is directed 
above. 

The Process of Calculation. — Let x represent the number of c.c. of 
thiosulphate solution which have been used in the titration of the permanga- 
nate in the distilled water, and y the number of c.c. used in the titration of 
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the permanganate in the water under examination. Then x-y is the number 
of c.c. of thiosulphate solution which are equivalent to the permanganate 
reduced by the organic matter in the water. 

Further, if the amount of available oxygen in the 10 c.c. of permanganate 
originally added is represented by a, then the weight of oxygen required to 

oxidise the organic matter in 250 c.c. of the water will be ~ * But 

a — 0*001 gram of oxygen, and 250 c.c. of water were used, therefore the 
amount of oxygen consumed by 100,000 parts of the water 
(x-y) x 0*001 x 100,000 (*-?/)0*4 

x x 250 ~ x 

Example — In a particular estimation 15 c c. of the standard thiosulphate 
solution were required for the distilled water, and 10 c c. for the water under 
examination. The amount of oxygen consumed by 100,000 parts would 

accordingly be in this case — — = 0 0G7. 

oU 

Factors for Calculation of the Organic Matter. — Attempts have 
been made to calculate the amount of organic matter in the water, from the 
quantity of oxygen which it consumes. It has been shown that no constant 
relation exists between the amount of oxygen consumed and the amount 
of organic matter present, except in the case of waters from a similar source, 
which have been oxidised at the same temperature. By employing a proper 
factor under these conditions, however, the approximate amount of organic 
carbon can be calculated from the oxygen consumed. 

Thus when oxidation has been effected at about 27° C., the weight of organic 
carbon is equal to that of the oxygen consumed multiplied by 2 38, in the case of 
river-waters : in the case of deep well-waters the factor is 5 8, and factors have 
been determined for waters from other sources. 

For the Interpretation of the Results refer to paragraph 649. 


Estimation of Chloride. 

619. Estimation of Chlorine present as Chloride.— Chlorine is 
usually present in water in the form of sodium chloride, and its proportion 
is frequently reported in terms of that salt. The process of estimating 
chloride in water is identical with that described in paragraph 373, standard 
solution of silver nitrate being added to the water, which has been mixed 
with potassium chromate solution to serve as an indicator. Accordingly 
the solutions required for the estimation are the following : 

(a) Standard Solution of Silver Nitrate , — Dissolve 2*3944 grams of pure 
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recrystallised silver nitrate in distilled water, and make the solution up to 
a litre. If 50 c.c. of water aie used for the titration, 1 c.c. of this silver nitrate 
solution will represent 1 part of chlorine per 100,000 of the water. 

(b) Solution of Potassium Chromate . — Dissolve 1 part of potassium 
chromate in 10 parts of water. The chromate solution must be freed from 
chloride by adding solution of silver nitrate until a permanent red precipitate 
is obtained, and then filtering the liquid. 

The Process of Estimating Chloride. — Pour the silver nitrate solu- 
tion (a) into a burette, which is graduated into tenths of a c.c. Measure 
50 c.c. of the water into a porcelain dish, and add three drops of the potassium 
chromate solution (b). Now add the silver nitrate solution, drop by drop, 
until a faint but permanent red colour is imparted to the liquid. This colour 
is due to the formation of silver chromate, after the whole of the chlorine 
has been piccipitated as silver chloride. 

It will be found convenient, until experience has been gained, to prepare 
a similar dish containing 50 c.c. of water mixed with three drops of the potas- 
sium chromate solution, to which silver nitrate solution has been added but 
not in excess. The faintest appearance of a reddish tint in the test-dish 
will then be easily seen, if the two dishes stand side by side for comparison. 

The number of c.c. of the silver nitrate solution which have been used, 
represents the weight of chloiine present in 100,000 parts of the water, if 
50 c.c of water were used. 

For the Interpretation of the Results refer to paragraph 650. 


Estimation of Nitrite. 

620. Estimation of Nitrite. — When an acid solution of metapheny- 
lene-diamine is biought into contact with a weak solution of nitrous acid, 
a reddish brown coloration is produced. A process for the estimation of 
nitrite is based upon this reaction. The following solutions are required for 
the estimation. 

(a) Solution of Metaphenylene-diamine . — Dissolve 5 grams of this sub- 
stance in a litre of water, to which a little sulphuric acid has been previously 
added. 

(b) Dilute Sulphuric Acid . — Add 1 volume of strong sulphuric acid to 
2 volumes of distilled water. 

(c) Standard Solution of Sodium Nitrite . — Dissolve 0*406 gram of pure 
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silver nitrite in boiling distilled water. Add an excess of pure sodium chloride 
solution, so that the silver is completely precipitated as chloride. Now make 
up the liquid to a litre with distilled water. Allow the precipitate to subsido, 
and make up eaoh 100 c.o, of the clear liquid to a litre. 

Since the solution undergoes change when it is exposed to the air and to 
daylight, it should be kept in small stoppered bottles, each of which is com- 
pletely filled and is then stored in the dark. 

One c.c. of this solution corresponds to 0*00001 gram of N 2 0 3 , and to 
0*000006 gram of the nitrite radicle NO a . 

The Process of Estimating Nitrite.— Measure 100 o.o, of the 
water into a perfectly colourless glass cylinder, similar to those used for the 
ammonia determination (6ll). The liquid should fill about three-fourths 
of the cylinder, and a file-mark should be made upon the side of the cylinder 
denoting the level of the liquid surface when 100 c.c. are present. 

Add 1 c.c. of the dilute sulphuric acid (b), then 1 c.c. of the mctaphenylene- 
diamine solution (a), and stir well with a glass rod. If a coloration is pro- 
duced at once, a smaller quantity of the water must be taken and diluted to 
100 c.c. with pure distilled water. When the coloration only appears after 
the liquid has stood for one minute, the dilution will be sufficient. 

An approximate measurement of the quantity of nitrous acid present is 
now made, by introducing different fractions of 1 c.c. of the standard sodium 
nitrite solution (c) into similar separate glass cylinders. Eaoh is then made 
up to 100 c.c. with distilled water, and 1 c.c. of the acid and 1 c.c. of the meta- 
phenylene-diamine solution are added to each, as is descubed above. 

It must be remembered that the colour develops only slowly, and that 
the compaiison-cylmders will not have had so long a time for the development 
of colour as the original test-cylinder has had. 

Hence, as soon as the approximate matching of colour has been effected, 
it will be necessary to make a fresh series of tests with the water and with 
the comparison-cylinders, all of which must be started at the same time. The 
colours of these liquids should bo compared after they have been standing 
for twenty minutes. 

For the Interpretation of the Results refer to paragraph 651. 


Estimation of Nitrogen in Nitrite and Nitrate. 

621. Three methods are described. 

According to the first method (622) the nitrogen is converted into nitrio 
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oxide by the action of strong sulphuric acid and mercury, and the nitrio oxide 
gas is measured. 

In the second method (623) the nitrogen is converted into ammonia by 
the action of the copper-zinc couple (Note), and the ammonia is estimated 
by the Nessler colorimetric process (6x4)* 

Note . — A more rapid method for the reduction of the nitrate consists in acidify- 
ing its solution with dilute sulphuric acid, and then treating it with iron which has 
been recently reduced from its oxide by hydrogen The liquid should be kept just 
boiling for about ten minutes : it is then made alkaline and the ammonia is distilled 
over, and is estimated either by Nessler solution (614) or by standard acid (295). 
Fuller details are given m paragraph 623 

In the third method (624) the nitrate is caused to form ammonium picrate, 
and this is estimated colorimetrically. This process estimates nitrate only 
and not nitrite. 


622 . Reduction of Nitrate and Nitrite to Nitric Oxide, and 
Measurement of this Gas : Crum’s Method. — The most accurate means of 
estimating nitrate and nitrite was devised by Crum. Accordingtothismethod, 
the solution which contains the nitrate and nitrite is shaken with strong 
sulphuric acid and mercury in a closed tube. The nitric oxide, which is thus 
evolved, is measured ; and the weight of nitrogen which it contains is calcu- 
lated. In the absence of other gas apparatus, the nitric oxide may be 
measured in a carefully calibrated Lunge nitrometer (890). 

The Process of Estimation . — Add a small quantity of sulphuric acid, 
diluted with four times its volume of water, to the residue which was obtained 
in determining the total solids (606). Warm the dish on the steam-bath 
to remove C 0 2 from any carbonate present, and if the volume of the liquid 
exceeds 2 c.c. evaporate it down to that volume. 

Fill the Lunge nitrometer (890, 892) completely with mercury, pour the 
liquid from the dish into the cup (/) of the nitrometer, and finally rinse out the 
dish with a very small quantity of the dilute sulphuric acid. Allow the liquid 
to pass through the stop-cock by gently turning the tap, taking care that no 
air enters. Then pour about double the volume of pure strong sulphuric acid 
into the cup, allow this to flow through the stop-cock, and at once shake the 
measuiing-tube in such a way as to cause part of the mercury to mingle in 
Bmall globules with the hot liquid. This is most readily effected by giving 
a rotatory as well os a vertical movement to the tube. 

After the tube has been shaken for about two minutes, nitric oxide gas 
will be given off. The agitation must be continued until the evolution of 
gas ceases, which will usually be the case in about five minutes. 
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Now allow the liquid to cool down to the temperature of the air, and adjust 
the levels of the mercury columns as is described in paragraph 892 . Note 
down the atmospheric temperature and pressure, and proceed to calculate 
the weight of nitrogen in the volume of nitric oxide obtained as is shown 
m the following example : 

Example. — In an estimation of nitrate and nitrite, 500 c.c. of the water 
yielded 3 3 c.c of nitric oxide gas. 

The atmospherio temperature was 20° C , and the atmospherio pressure 7C6 
mm. 

Therefore, the volume of the nitric oxide under normal conditions of tempera- 
3 3 x 273 x 706 

fcure and pressure — "293 x ~ 7 6 0 =* 3 3 x 0’939 ( 838 , 984 ). 

Now nitric oxide contains half its volume of nitrogen, and the weight of 1 c c. 
of hydrogen *=» 0 0000899 gram ; therefore, the weight of nitrogen in the nitric 
oxide =^(33 x 0 939 x 0 0000899 x 14) — 0 00195. 

And smce 500 c 0 . of water were used, the weight of nitrogen in 100,000 parts 
of the water =~ 0 00195 x 200 =» 0 39. 

623. Reduction of Nitrate and Nitrite to Ammonia by means 
of the Copper-Zinc Couple, and Estimation of the Ammonia.— Zinc, 
upon which copper has been chemically deposited as a black film, constitutes 
a “ copper-zinc couple.” When this is immersed in the solution of a nitrate 
or nitrite it converts the nitrogen completely into ammonia, which can then 
be estimated by means of Nessler solution. (See also Note , 621 ). 

The following substances should be prepared s 

(a) Pumice. — Clean pumice is broken into pieces about the size of large shot, 
and is sifted free from powder ; it is then heated to redness for some time, and is 
kept in a well-stoppered bottle. 

(b) Hydrochloric Acid — Strong hydrochlorio acid is tested for ammonia, by 
mixing 0 5 cc. of it with water free fiom ammonia in a Nessler cylinder ( 61 1 ), 
and adding 2 c.c of Nessler solution. If it is practically free from ammonia, 10 
c.c. are diluted to 100 c c. with ammonia-free water, and the liquid is preserved in 
a well-stoppered bottle. 

The strong acid is freed from ammonia, if necessary, by distillation • that part 
of the distillate being collected separately which comes over free from ammonia. 

(c) The Copper- Zinc Couple is prepared by pouring a 3 per cent, solution of 
crystallised copper sulphate upon pieces of zino. The zinc may either be in the 
granulated condition, or it may be prepared by cutting thm zinc sheet or foil into 
strips and folding these up. The deposition is allowod to go on until the zinc is 
covered with a firmly adherent black film of copper. This film must not be so 
copious as to be detached when the zinc is subsequently washed by gently shaking 
it several times with fresh quantities of water. About 5 grams of zinc should suffice 
for one estimation, and an immersion of fifteen minutes in the copper solution 
usually causes a satisfactory film of copper to be deposited upon it* 
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Process of Estimation. — The process must be conducted in a room which 
contains no ammonium salts or other sources of ammonia ; and before 
proceeding to make a determination of nitrate, a blank experiment should be 
made by the process described below. Any amount of ammonia which is 
obtained in this blank experiment must be subtracted from the ammonia 
which is found in an estimation. 

The process may be carried out either with the water itself, or with the 
water extract of the solid residue (606). The latter is commonly used when 
the amount of nitrate present is small. 

The ammonia which is produced from the nitrate by the following process 
may frequently be estimated directly without distillation (2) ; but distillation 
(1) is necessary when the water is coloured, or when the amount of nitrate 
present is small. 

(1) Estimation of the Ammonia by Distillation . — The copper-zinc couple 
is prepared, as is directed above (c), in a 300 c.c. stoppered fractionating-flask 
(612). After the metals have been washed in the flask, finally with ammonia- 
free water, the tubulure of the flask is connected with a U-tube filled with 
the pumice (a) moistened with the hydrochloric acid (b) ; one hundred c.o. 
of the water, or the equivalent extract of the water-residue (6o6), are now 
measured into the flask, which is at once stoppered, and is then allowed to 
stand for at least an hour. 

If any doubt is felt as to the completion of the reduction, a small quantity 
of the liquid may be tested for mtiite by mixing it with dilute sulphuric acid 
and with metaphcnyleno-diaraine (620). As soon as no nitute can be detected 
the reduction is complete. 

Then add to the liquid about a giam of recently ignited sodium carbonate 
crystals (613), and unsc in the pumice moistened with hydrocliloiic acid from 
the U-tubc. Connect the tubulure of the flask with a condenser (I0l6), 
and proceed to distil over f>0 c.c. Mix the distillate well, and measure 5 c.c. 
into a Nesslcr cylinder (6l I). Dilute this with ammonia-free water, and add 
2 c.c. of Nesslcr solution. Pioceed in this way to estimate the whole amount 
of ammonia which has been produced by the reduction of the nitrate, using 
more than 5 c.c. of the distillate if necessary (614, b) 

The amount of ammonia which has been found in the oiiginal water must 
be subtracted fiom the result thus obtained, unless the ammonia was removed 
before the reduction by the coppcr-zinc couple, and the weight of nitrogen 
which is contained in the ammonia is then calculated as parts per 100,000 of 
the original water. 

(2) Direct Estimation of the Ammonia without Distillation . — A volume 
of 200 c.c. of the original water, or the equivalent volume of the extract of 
the water-residue, is mixed with a small quantity of oxalic acid solution. The 
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whole is made up to 250 c.c. with ammonia-free distilled water (6lO) and is 
then allowed to stand in a well-stoppered flask until the precipitate of calcium 
oxalate has completely subsided. Two separate portions (A, B) of the clear 
liquid are then transferred to Nessler cylinders. 

The copper -zinc couple is allowed to act upon one portion (A) for an hour, 
as has been just described (1), and as soon as the reduction to ammonia is 
complete, the clear liquid is decanted into another cylinder and 2 c.c. of 
Nessler solution are added to it. The comparison -test is made by adding 
the requisite quantity of standard ammonium chloride solution to the other 
portion (B), and then stirring it with 2 c.c. of Nessler solution (614, b). 

The amount of ammonia present m 250 c.c. is then calculated from each 
result. The difference between these two amounts will represent the amount 
of ammonia which has been formed by the reduction of the nitrate and nitrite 
which were originally present in 200 c.c. of the water. From this result the 
weight of nitrogen present in the nitrate and nitiite is calculated. 

By the above procedure allowance is made for the ammonia which was originally 
present 111 the water, or was contained in the oxalic acid. The production of 
turbidity by the addition of Nessler solution is prevented by the previous precipita- 
tion of calcium salts by the oxalic acid. 

624. Conversion of Nitrate into Ammonium Picrate, and Estima- 
tion Colorimetrically. — When phenol-sulphomc acid solution is poured 
upon a nitrate, and sulphuric acid is added, picric acid is formed : 

C 6 H 4 .0H.S0 3 H + 3HN0 3 = C 6 H 2 (N0 2 ) 3 0H + H 2 S0 4 + 2H 2 0 

and the addition of ammonia in excess then produces ammonium picrate, the 
yellow colour of which is easily seen even in a very dilute solution. The 
degree of intensity of the colour selves to estimate the picrate, and hence the 
nitrate from which it has been produced. 

This process estimates nitrate only, and not nitrite. If nitiite is present 
in the water, it must be separately determined ( 620 ). 

The following solutions are required s 

(a) Phenol-sulphomc Acid . — 55*5 c.c. of strong pure H a S0 4 are added to 
4*5 c.c. of water containing 9 grams of phenol. The liquid is shaken and is 
preserved in a tightly stoppered bottle. 

(b) Standard Potassium Nitrate Solution . — Some KN0 3 is heated just 
sufficiently to fuse it ; 0*722 gram of the salt is then dissolved in water and 
the solution is diluted to a litre. Each c.c. of this solution contains 0*0001 
gram of nitrogen. 

The Process of Estimation. — A measured volume of the water, usually 
25 c.c., is evaporated to dryness in a small porcelain dish. 
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Five c.c. of the standard KNO a solution (b) are evaporated in another 
similar dish. 

One c.c. of the phenol-sulphonic acid solution (a) is added to the liquid in 
each dish as soon as it is cold, and the contents of each dish are thoroughly 
mixed with small glass rods. One c.c. of distilled water is then added to each 
dish, followed by 3 drops of strong sulphuric acid, and after the liquids have 
been well stirred, the rods are rinsed into the dishes with a little distilled water. 

The dishes are now heated on the water-bath for five minutes ; each dish is 
tlion removed from the water-bath and its contents are diluted with 25 c.c. 
of distilled water and mixed with ammonium hydrate in excess. A deep 
yellow colour will appear in the standard solution, and also m the water- 
sample if it originally contained nitrate. 

The liquids are now transferred from the dishes to graduated 250 c.c* 
closed cylinders, and each is diluted to 100 c.c. with distilled water. 50 c.c. 
of that solution, which shows the lesser intensity of colour, are then placed in a 
Nessler cylinder (6ll), and the more intensely coloured liquid is diluted with 
water and is well mixed by shaking. The dilution is continued until 50 c.c. 
of the liquid, when poured into a Nessler cylinder, exactly matches m intensity 
the tint of the oiiginally paler liquid. The total volume in c.c. of the diluted 
liquid is then notod down, the volume of the other being 100 c.c. 

The Formula for Calculating tlio weight of nitrogen (N) piesent as nitiato 
in 100,000 of the watoi is 

50 x Number of c c. of the sample after dilution 
No. of c c. of the watoi used x No. of e c. of standaid aftei dilution. 


Example. — In a paiticular case 25 c c. of the water -sample weio used In 
I he piocobs of matching the colouis the yellow liquid fiom the water was made up 
to 100 c c , while the yellow liquid fiom the standaid nitrate solution was made 
up to 250 c c. Hence N, the weight of mine mtiogcn piesent per 100,000 of the 
50 x 100 

Water — 25 ~ x~250 “ 0 

For the Interpretation of the Results obtained refer to paragiaph 652. 


Estimation of Hardness. 

625* The 41 Hardness ” of Water, or its soap-prccipitating power, 
depends upon the amount of calcium and magnesium salts which it contains, 
since these salts act chemically upon soap and precipitate it from solution. 
Other salts are occasionally present in water which act in a similar way upon 
soap ; and if much sodium chloride is present, it precipitates the soap 
from its solution m an unaltered state. 

Hardness is of two kinds ; “ temporary hardness/' which can be removed 
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by boiling the water ; and “ permanent hardness,” which cannot be removed 
in this way. 

Two processes for the estimation of hardness are described. 

Clark’s Method (626) is the older process ; it does not yield accurate 
results if a largo quantity of magnesium salts is present. 

Hehner’s method (631) gives on the whole better results, since the presence 
of magnesium salts does not materially affect the process. 

For the Interpretation of the Results of Analysis refer to paragraph 653* 


Estimation of Hardness by Soap Solution. 

626. Clark’s method depends upon the fact that when solution of soap 
is mixed with solution of a calcium or magnesium salt, an insoluble calcium 
or magnesium soap is produced. Accordingly no lather will form when the 
water is shaken with soap solution, until the soap solution has been added 
in excess and some soap therefore remains unaltered in the liquid. 

The solution of soap in methylated spirit, which is used in this piocess, 
is first titrated by means of a standard calcium chloride solution, and is then 
bi ought to the requisite strength. The water is tested with this standard soap 
solution, and the number of “ degrees of hardness ” of the water are obtained 
from the amount of soap solution which is required to precipitate the hardening 
salts. Each degree of hardness corresponds to one part of CaCOj per 
100,000 of water, and the result is therefore expressed in these terms. 

The following solutions are required for the estimation : 

(a) Standard Solution of Calcium Chloride, — Weigh accurately 0*2 gram 
of pure iceland-spar, and dissolve it in dilute hydrochloric acid, taking care 
to keep the vessel covered so as to prevent loss by spirting. Evaporate this 
solution to dryness on the water-bath ; then add water and again evaporate to 
dryness, and repeat these processes, once at least, in order to remove all free 
hydrochloric acid. Now dissolve the residue of neutral calcium chloride in 
water, and make the solution up to a litre. 

(b) Preparation of Soap Solution, — Potassium oleate soap is prepared 
by rubbing in a mortar 150 parts of lead plaster (Plumbi Emplast., B.P.) 
with 40 parts of diy potassium carbonate. When these substances have 
been thoroughly mixed a little methylated spirit is added, and the process 
of mixture in the mortar is continued until a creamy mass is formed. This 
is stirred with more spirit, and is decanted after the Bediment has subsided. 




312 WATER ANALYSIS. 162?, 

(c) Titration and Dilution of Soap Solution . — This strong soap solution 
now lequires to bo diluted, until 14*25 c.c. of it just produce a permanent lather 
when they are shaken with 50 c.c. of the standard calcium chloride solution. 

Mix tho strong soap solution with methylated spirit which has been 
diluted with half its volume of water, and pour some of this solution into a 
burette* Measuro 50 c.c. of the calcium chloride solution (a) into a stoppered 
bottle of 250 c.c. capacity, allowing the liquid to flow out of the pipette without 
blowing any carbon dioxide from the lungs into the bottle ( Note p. 3*3)* 

Now allow 1 c.c. of tho soap solution to flow from the burette into the 
bottle, and close the bottle and shake it vigorously for a short time. If no 
permanent lathei as produced, add another c.c. of the soap solution and shake 
again. 

Continue the addition of tho soap solution, shaking the water well after 
each addition, until a lather is formed which remains for a shoit time when tho 
bottle is laid upon its side on the bench. The process is finished when the 
lather remains upon the surface as an unbroken layer for five minutes. 

Towards the end of this operation, the amount of soap solution which is 
added should be lessened, and it should finally not exceed one-fifth of a c.c. 
Expei icnce renders it possible to detect the appioach of the end of the reaction 
by the sound and sensation produced during shaking, since the sound and 
shock become much more gentle when a lather begins to form. 

The soap solution can now be diluted from calculation (2&J), and its 
stiength must be ultimately adjusted so that exactly 14*25 c.c. aie requited 
to pioduce the lather with 50 c.c. of the calcium chloride solution. 

Tho strength of the soap solution should be checked after it has stood for 
about twenty-four hours, since a sediment usually forms which reduces its 
value. It is on this account preferable to defer the final dilution and titration 
of the solution until no further sediment is deposited. 

Another Method of Preparing the Soap Solution is to dissolve 80 grams 
of chemically pure oleic acid in alcohol. A few drops of phenol- phthalein 
arc mixed with this solution, and a strong solution of potassium hydrate m alcohol 
is then gradually added until the oleic acid is exactly neutralised and saponification 
is therefore completo. This is indicated by the liquid retaining a faint purple 
coloration. The solution is then titrated with the standard calcium chloride 
solution (a), and is diluted to standard strength (c). 

627. Estimation of the Total Hardness.— Measure 50 c.c. of the 
water into a stoppered bottle of 250 c.c. capacity. Shake the water well, 
and remove any carbon dioxide, which has been evolved, by sucking 
out the air from tho upper part of the bottle by means of the pipette ; repeat 
these processes once at least {Note). Then proceed to titrate the water with the 
standard soap solution in the manner already described (626, c). 

11 more than 16 c.o* of soap solution are required by the water, dilute a 
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suitable measured quantity of the water to 50 c.c. with boiled distilled water 
(Note), and titrate again. 

The number of degrees of hardness in the water, expressed as parts of 
calcium caibonate per 100 , 000 , may now be obtained from the number of 
c.c. of soap solution used, by reference to the Hardness Table (630). 

If much magnesium salt is present, it will bo difficult to ascertain the end 
of the process. This is partly due to the formation of a permanent scum 
upon the water, but also to the fact that the soap solution acts much more 
slowly upon magnesium salts than it does upon calcium salts. When mag- 
nesium salts are present, it is best to dilute the water until not more than 
7 c.c. of the soap solution are required for the titration, and after the titiation 
is finished the bottle should be allowed to stand for at least ten minutes, 
in order to make certain that the lather is of a permanent natuie. 

Note. — Vanous precautions are mentioned 111 the above de&cuption of the pi occss 
for deteiminmg the haidncss, with the object of pievcnting tho mtiodnction of 
carbonic acid Caibonic acid acts chemically upon soap 111 such a way as to 
picvent it fiom giving a lather when its solution is shaken lienee, bcfoio any 
soap solution is added to a measured sample of water, the sample should be le- 
peatedly shaken vigorously in the bottle, and the C 0 2 which is libeiatcd should bo 
sucked out by a tube after each shaking F 01 the same leason all distilled water, 
which is used for dilution or for making solutions, should have been recently boiled 
and quickly cooled. 

628. Estimation of tho Permanent Hardness. — The method 
consists in boiling the water until all tho hardening salts, which aie prccipi- 
table by boiling, are thrown out of solution. The liquid is then made up to its 
oiiginal volume with air-fiee distilled water, and is filtered if necessary. The 
hardness is dctei mined in tho clear filtrate. 

Mcasuic about 250 c.c. of tho water into a flask, and weigh the flask with 
the water. Boil the water gently for half an hour, adding boiled distilled 
water from time to time, in order to replace tho water which evaporates. 
Now cool the water quickly, and make up the flask and water to their original 
weight ( Note ) with cold recently boiled distilled water (627> Note), Mix 
well, pour the water thiough a diy filter, and titrate a suitable volume of the 
filtrate with soap solution as was described in paragiaph 627 * 

The degrees of Permanent Hardness are then obtained by reference to 
the Hardness Table (630). 

Note . — Instead of weighing the water, an exactly measured volume of the water 
may be taken, and the water may be made up to tho same volume again after it 
has been boiled and filtered. This procedure is, however, less rapid in practice 
than weighing. 

629. Temporary Hardness.— The difference between the Total Hardness 
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and the Permanent Hardness gives the Temporary Hardness of the 
water. 


HARDNESS TABLE. 

630. Parts of CaC 0 3 per 100,000. 
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Estimation of Hardness by Standard Acid. 

631. The calcium and magnesium carbonates, which cause the temporary 
hardness, are first determined by titration with standard acid in a portion of 
the water (632). 

The sulphates and other soluble salts of calcium and magnesium are then 
removed, together with the caibonates, from another portion of the water, 
by adding a known volumo of standard sodium carbonate solution in excess, 
and boiling for half an hour, or evaporating to dryness if magnesium is 
present ; the unchanged sodium carbonate is then estimated by means of 
standard acid (633). The amount of sodium carbonate which has been 
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decomposed by the above soluble salts is thus found, and from this the per- 
manent hardness is calculated. 

The hardness is expressed as parts of CaC0 3 per 100,000. 

The following solutions are required ; 

(a) Decinormal Sulphuric Acid . — Dilute 100 c.c. of normal sulphuric acid 
(285) to a litre. 

(b) Decinormal Sodium Carbonate Solution . — Dissolve 5*305 grams of 
pure dry sodium caibonate (284) in water, and make this solution up to a litre. 
The solution may also be prepared by diluting 100 c.c. of normal sodium 
carbonate solution (283) to a litre, 

(c) Methyl-orange (268) is used as an indicator in these titrations, because 
it is not affected by carbonic acid. 

632. Estimation of the Temporary Hardness.— Add to 500 c.o. 
of the water, or less if it is very hard, a few drops of methyl-orange (c). Then 
add the decinormal sulphuric acid (a) from a burette, until the colour of the 
solution just changes to the pink tint. From the number of c.c. of acid used, 
the corresponding amount of CaC0 3 is calculated, and this is converted into 
parts per 100,000. 

Note — The end of the reaction is somewhat difficult to determine by the 
giadual change of the yellow colour of the methyl-orange to pink, and a sharper 
change may bo obtained by using decinormal hydrochloric acid with lacmoid 
solution as indicator. It is best to add a few drops of the lacmoid solution to the 
boiling water, and to titrate while the water is actually boiling 

The lacmoid solution is prepared by dissolving 2 giaws of lacmoid in dilute 
alcohol and making this solution up to a litre. 

633. Estimation of the Permanent Hardness.— To 250 c.c. of the 
water add 50 c.o. of the decinormal sodium carbonate solution (b), and boil 
for about half an hour. If magnesium salts are present, evaporate to dryness 
and extract the residue with water. Filter, and wash the precipitate or the 
insoluble matter with boiled distilled water, and make the cold filtrate up 
to 250 c.c. 

Titrate 50 c.c. of the filtrate with the decinormal acid (a), using methyl- 
orange (c) as an indicator (632, Note). 

From the number of c.c. of acid which have been used, the weight of Na a C0 3 
used in precipitating the hardening salts may be found, and from this the 
permanent hardness is calculated in terms of CaC0 3 and is then converted into 
parts per 100,000. 

The Total Hardness may be obtained by adding together the temporary 
and the permanent hardness. 
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Example — In an estimation of tcmpoiaiy hardness m a water, 500 c c. of 
the water required 8 4 c c of dccmormal sulphuric acid. Now 1 c c of this acid 
corresponds to 0 005 gram of CaCO,, therefore the weight of CaC0 3 , which would 
neutralise the acid used m tho titration, is 8 4 x 0 005 «= 0 042 gram. Hence the 
temporary hardness as parts of calcium carbonate per 100,000 = 200 x 0 042 
« 8 4. 

In estimating tho permanent hardness, 250 c c of tho water were boiled with 
50 c c. of decinorrnal sodium carbonate solution, and after filtration tho filtrate 
was made up to 250 c c Fifty c c of this liquid icquired 8 6 c c of decinorrnal 
sulphui ic acid for neutralisation Hence the permanent hardness m tho 50 c c. 
used corresponds to 10 - 8 6 = 14 c c. of decinorrnal sodium carbonate solution, 
since 10 c c. of Na^CO, solution were present in every 50 c c of the solution. 
Therefore the number of c c of Na^C0 3 solution corresponding to tho permanent 
haulness m the 250 c c of tho water used = 14 x 5 = 7. And since 1 c c of 
the sodium oarbonato solution coriesponds to 0 005 gram of CaC0 3 , the permanent 
hardness in 100,000 paits - 7 x 0 005 x 400 — 14 

Hence the total hardness = 14 + 84== 22 4 

634. Estimation of Sodium Carbonate. — When the water contains 
sodium carbonate, it will be distinctly alkaline in reaction and no permanent 
haidness will be present. The amount of sodium carbonate present in the 
water can be easily estimated by means of the standard acid (a), since the 
sodium carbonate will remain in solution after the water has been boiled. 
It can therefore bo titrated in the filtrate after the carbonates of magnesium 
and calcium have been precipitated by boiling the water for the determination 
of tho permanent hardness. 

For the Results of Analyses of Water refer to paiagraph 964, and to paragraphs 
646 654 for tho consideration of the results of analysis. 
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ESTIMATION OF OTHER SUBSTANCES IN WATER. 

For ordinary purposes the estimations described above are sufficient. 
But other processes are appended for the detection and estimation of poisonous 
metals, for certain estimations which are required for technical purposes, 
and for the estimation of dissolved oxygen. 

Refer to paragraph 654 for the limiting amounts of poisonous substances 
allowable. 


Detection and Estimation of Poisonous Metals. 

635 - Copper and lead are the most commonly occurring poisonous metals 
in water : arsenic, barium, and zinc may be tested for in exceptional cases. 

Copper and lead may often be detected by placing 200 c.c. of the water 
in a glass cylinder (6ll), and adding 10 c.c. of acetic acid and 10 c.c. of satu- 
rated solution of hydrogen sulphide. The tint of the well-mixed liquids will 
be darker in tint than that of the same water similarly mixed with 10 c.c. 
of acetic acid only, if lead or copper or both should be present. 

Small traces of these metals, which cannot be found directly in the water, 
may be detected by evaporating a measured quantity of the water down to 
a small volume, rendering it just acid with a few drops of acetic acul, then 
dividing this liquid into two parts and testing as is directed above. 

The quantity of metal present may be estimated colorimetrioally ( 636 , 
637 ), or the metal may be estimated gravimetrically if an appreciable quantity 
of sulphide is precipitated. 

636 . Estimation of Copper. — Prepare a standard copper sulphate 
solution containing 0*3920 gram of crystallised copper sulphate per litre. 
Each c.c. of this solution corresponds to 0*0001 gram of coppei. 

Evaporate 500 c.c. of the water to 50 c.c., add 5 c.c. of decmoimal acetic 
acid, and transfer the liquid to a glass cylinder ( 6 ll). Then add a few drops 
of very dilute potassium ferrocyanide solution. If copper is present, a 
reddish brown tint will appear (Note). 

Match the intensity of this colour by mixing a suitable measured volume 
of the standard copper solution in a similar cylinder with 50 c.c. of distilled 
water, which has been acidified with 5 c.c. of decinormal acetic acid and mixed 
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with the same quantity of potassium ferrocyanide solution as has been already 
used. 

The weight of copper present in 100,000 parts of the water = n x 0*0001 
x 200 *= n x 0 02, where n represents the number of c.c. of the standard 
copper solution which correspond to the copper in 500 c.c. of the water. 

Note . — If iron is also present in the water the coloration produced on adding 
the ferrocyanide will he altered by the formation of Prussian blue. The iron 
should therefore be removed from the water by adding a few drops of nitric acid, 
evaporating considerably and precipitating by an excess of ammonium hydrate. 
The precipitate should be filtered off and dissolved in nitric acid, then precipitated 
once more by ammonium hydrate, filtered off and washed. The precipitate may 
be used for the estimation of iron ( 641 ) and the filtrate and washings may be 
neutralised with HNO s and used for the estimation of copper. 

637 * Estimation of Lead. — If copper is absent (Note), lead may be 
estimated by the following method : 

Prepare a standard lead acetate solution containing 0*1831 gram of normal 
lead acetate per litre, and a little free acetic acid which is added to keep the 
solution clear. Each c.c. of this solution corresponds to 0*0001 gram of lead. 

A direct estimation may often be made by mixing with 200 c.c. of the water 
in a glass cylinder (6ll) 10 c.c. of normal acetic acid and 10 c c. of hydrogen 
sulphide solution. The intensity of the dark coloration thus produced is 
matched in a similar cylinder, containing 200 c.c. of distilled water 10 c c. 
of normal acetic acid and 10 c.c. of hydrogen sulphide solution, by adding 
the appropriate volume of the standard lead acetate solution. This may bo 
effected by dropping in the lead solution gradually from a burette and 
mixing well : but a second experiment must be mado in which the whole 
volume of the lead solution is added to the acidified distilled w r ater at once 
and then the hydrogen sulphide solution is added and well mixed. 

It may be found advisable to use only 100 c.c. of water if the dark colora- 
tion is too strong, and if the coloration is too slight it is well to evaporate 
500 c.c. down to 50 c.c. and to use this for the estimation. 

Note — If both copper and lead are present in the water, estimate the copper 
( 636 ) and then add a corresponding amount of the standard copper solution ( 636 ) 
to 50 c c of distilled water before introducing the standard lead acetate solution 
for tho companson test. In this way the coloration due to the presence of copj er 
may be allowed for. 

638. Action of Water on Lead. — Rain-water, many natural soft 
waters, and waters containing natural vegetable acids, act upon lead or a lead- 
alloy if they remain in contact with it during storage or conveyance. It is 
therefore advisable to ascertain whether water, which is to be used for drinking 
purposes, has any action upon lead, 
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Hard waters do not as a rule aot upon lead unless they contain much 
carbonic acid. This is due to the fact that the hardening constituents rapidly 
form an insoluble coating upon the surface of the lead, and this prevents the 
further action of the water. 

The behaviour of a sample of water towards load may be tested as follows ! 
Cut off two strips of sheet- lead ; scrape one of these so as to expose the bright 
surface of the metal, and leave the other in its tarnished condition. Immerse 
the lead strips in separate beakers of the water, and allow them to stand 
undisturbed for twenty-four hours. Then note the appearance of the lead 
and of the water. 

If the surface of the lead has remained unchanged in appearance, and tho 
water is perfectly clear and bright even after it has been shaken, the water 
has probably not acted upon the lead, since a white insoluble basic lead 
carbonate is usually formed by the action. To make sure whether any solvent 
action has occurred, however, it is best to remove the lead strips, and to test 
the water for lead in solution by adding a little saturated solution of hydrogen 
sulphide, as has been described above ( 637 )* 

The Belative Action of Samples of Different Waters on lead 
may be estimated as is described below. The procedure is given for 
bright lead, but it would be precisely similar for tarnished load, the preparatory 
scraping of the surface only being omitted. 

A strip of sheet lead, 1*5 cm. wide, is scraped bright, and is cut into lengths 
of 2*5 cm. 

10 c.c. of each of the different water-samples are introduced into separate 
test-tubes, 15 cm. long and 2 cm. in diameter, and a piece of the bright freshly 
scraped lead, which has been rubbed with a clean cloth and has not afterwards 
been touched with the fingers, is dropped into each tube. The tubes are 
then shaken to detach any air-bubbles from the lead, and are allowed to 
stand for three, seven or fourteen days, as may be decided upon. 

The water is then poured off from each tube into a glass cylinder with a 
mark at 100 c.c. capacity (6ll). The lead is rinsed in the tube by shaking it 
with about 10 c.c. of distilled water, and this water is poured into the cylinder ; 
the lead is then removed and is rinsed, if necessary, by tho jet of water from 
the wash-bottle to remove any adherent lead compound into the cylinder. 
10 c.c. of decinormal acetic acid aro now poured into the test-tube, from 
which the lead-strip has been removed, in order to dissolve any lead compound 
adhering to the glass : this acid is poured into the cylinder and the test-tube 
itself is finally rinsed out into tho cylinder. The liquid in the cylinder is then 
stirred, if necessary, until all lead compounds are dissolved and the liquid is 
quite clear : it is then made up to the 100 c.c. mark and is well mixed by 
stirring. 
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This liquid, or an aliquot portion of it, is now used for estimating the 
lead in a manner similar to that described in paragraph 637 » the dark colora- 
tion yielded by a measured volume of hydrogen sulphide solution being 
matched in intensity by the coloration produced by a known volume of 
standard load solution and the same volumes of hydrogen sulphide solu- 
tion and of acetic acid being present in the same liquid volume in each case. 

For Limiting Amounts of Poisonous Substances refer to paragraph 654. 


Estimation of Mineral Constituents. 

639. Estimation of Iron. — If the quantity of iron present is small, 
it may bo most readily estimated colorimetrically as follows. If the quantity 
is large, the iron may be estimated with greater accuracy gravimetrically 

(640, 641). 

For the colorimetric estimation prepare a standard iron solution by dissolv- 
ing 0 \SC 1 grain of iron alum, Fe(Nir 4 )(RO,) 2 12 II 2 0 , in a litre of water. This 
solution contains 0 i gram of iron per litre. 

Kvaporato . r >00 c.c. of the water to diyness, after adding a few drops of 
nitric acid free from iron. Dissolve the lesidue in 50 c.c. of water, poui the 
solution into a glass cylinder (6ll), and add 1 c.c. of very dilute potassium 
ferrocyamdc solution. 

If a blue colour appears at once, or develops in the liquid after it has been 
allowed to stand, iron is present. Match the intensity of colour of this liquid 
by adding to 50 e c of distilled water in another cylinder a known volume of 
the standard solution of ferric salt, a few drops of nitnc acid, and 1 c.c. of tho 
feirocyanido solution. 

The amount of lion present in 100,000 parts of the original water is equal 
ton x 0*02, where n represents the number of c c. of the standaid iron solu- 
tion which correspond to tho iion in 500 c.c. of the water. 

640. Estimation of Silica. — Acidify a litre of tho water with hydrochloric 
acid, and evaporato it to dryness. Dry tho residue in the steam-bath, and 
finally at 150 ° in the air-bath ; then moisten it with hydrochloric acid, add 
water, and heat. Filter off any insoluble residuo of silica, and wash, ignite, 
and weigh it. Preserve the filtrate. 

641. Estimation of Iron and Calcium.— If the quantity of iron 
present is too large to be estimated colorimetrically by the above directions 
(639), add a few drops of strong nitric acid, free from iron, to the filtrate from 
the silica [640), and boil. Then add a little ammonium chloride solution. 
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and a slight excess of ammonium hydrate. Filter off and ignite the ferric 
hydroxide, and weigh the iron as Fe 2 0 3 (129)* 

Add excess of ammonium oxalate solution to the filtrate, allow the liquid 
to stand, filter off and ignite the calcium oxalate, and weigh the calcium 
as oxide (146) 147)* 

642 Estimation of Magnesium. — Evaporate the filtrate from the 
calcium oxalate to dryness, expel the ammonium salts from the residue by 
ignition, dissolve the residue m hydrochloric acid, add water, and filter if 
necessary. Then add a moderate excess of ammonium hydrate, and then 
sodium phosphate solution. Filter, wash and ignite the precipitate, and weigh 
the magnesium as pyrophosphate (165)* 

643. Estimation of Sulphate. — Acidify 500 c.c. of the water with 
hydiochloric acid, and evaporate to about 50 c c. Add barium chloride 
solution in excess. Filter off, ignite, and weigh the precipitate of barium 
sulphate (133). 

644. Estimation of the Alkali-metals. — Concentrate a litre of the 
water by evaporation to about 100 c.c. Precipitate the sulphate completely 
from this liquid by adding barium chloride solution. Filter, and boil the 
filtrate with milk of lime in order to precipitate the iron and magnesium. 
Filter, and precipitate the barium and calcium from the filtrate by adding 
excess of ammonium hydrate, then ammonium carbonate solution and a few 
drops of ammonium oxalate solution. Filter, evaporate the filtrate to dryness, 
and expel the ammonium salts from the residue by ignition. 

Extract the residue with water, filter if necessaiy, and add one drop of 
ammonium oxalate solution in order to asceitam that all the calcium is pre- 
cipitated. Filter again if necessary, acidify with hydrochloric acid, evapo- 
rate to dryness m a weighed dish, ignite the residue of alkaline chlorides 
gently, and weigh it (428). The amounts of potassium chloride and of 
sodium chloride in this residue may then be estimated if necessary (429). 


Estimation of Dissolved Oxygen. 

64s- The amount of dissolved oxygen which a water contains originally, 
and especially the amount which it loses when kept, is a most important 
criterion of what may be termed active organic pollution. An average potable 
fresh-water supply should contain from 6 to 7 c.c. of oxygen per litre 1973. 
974), and this amount should not be reduced when the water is storod. 

A simple method of determining the dissolved oxygen which can, if 

21 
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necessary, be applied at the place where the sample is collected, is described 
below. Two gasometric methods, which can only be carried out in the 
laboratory on samples previously collected, are subsequently described in 
paragiaphs 896 , 897 - 

The Method consists in absorbing the dissolved oxygen, which is con- 
tained in a measured volume of the water, by adding to the water an excess 
of a mixture of solutions of ferrous sulphate and of ammonia in a vessel which 
is completely filled with the liquids and is closed from the air. Sulphuric 
acid is then added in excess, and the acid mixture is transferred to an open 
dish and titrated with either permanganate or bichromate standard solution 
( 306 , 3 I 9 )« The dichromate solution is generally to be pi eferred, and especially 
for impure water and sewage effluents. 

The process is comparable in regard to accuracy with gasometric methods 
and is much more readily carried out. The presence of nitrite in the water 
does not affect its accuracy unless the amount of nitrous nitrogen exceeds 
0-07 parts per 100 , 000 . 

The Following Standard Solutions and Apparatus will be required : 

(a) Ferrous Sulphate Solution . — About 12 grams of the crystallised salt 
are dissolved and made up to 250 c.c. with distilled water. 12*444 grams 
would give a solution, each c.c. of which is equivalent to 1 c.c. of oxygen 
under normal conditions. But nothing is gained by preparing a solution 
of exactly this strength, since it becomes turbid after some days, and when it 
is cleared by filtration before using it for a series of determinations, its strength 
is a’tered and must be redetermined. It is best to treat the solution as one 
which varies in strength by being kept, and which therefore requires frequent 
titration. 

(b) Standard Permanganate Solution . — A solution of such strength that 
1 c.c. is equivalent to 1 c.c. of oxygen under normal conditions of temperature 
and pressure is obtained by dissolving 5*6538 grams of the pure crystallised 
potassium salt and making the solution up to a litre with distilled water. A 
decinormal solution is also suitable, 1 c.c. of which corresponds to 0 56 c.c. 
of oxygen under normal conditions. 

For the estimation of the dissolved oxygen in distilled water, or in ordinary 
water, a solution of one-tenth the first-mentioned strength may be used ; 
but for all practical purposes the stronger solution will be found to give 
sufficiently accurate results, especially if a narrow burette of 10 c.c. capacity 
is employed, with which readings may be made accurately to 0 025 c.o The 
stronger solution keeps well in the dark, but the weaker one should be prepared 
freshly from the former for each series of experiments, 
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(c) Standard Dichromate Solution , of a strength corresponding with that 
of the permanganate, may also bo used, and in the case of sewage effluents 
and of sea- water is undoubtedly to be preferred. When dichromate solution 
is used, potassium ferricyanido must be employed as an indicator ( 306 ) ; 
and as the ferrous sulphate solution is highly diluted by the water undor 
examination, a strong dichromato solution should bo employed. This is 
prepared by dissolving 8*7900 grams of the pure crystallised potassium 
salt and making the solution up to a litre with distilled water. Each c.c. 
of this solution corresponds to 1 c.c. of oxygen measured under normal condi- 
tions. 

(d) Dilute Sulphuric Acid . — A mixture of equal volumes of the strong 
acid and water is prepared. 


F 10 . 04. 




Estimation of Dissolved Oxygen. 

(e) The Absorbing vessel . — The vessel in which the water under examination 
is mixed with the solutions of ferrous sulphate and of ammonia, and in which 
the mixture is afterwards acidulated with sulphuric acid, may bo an ordinary 
stoppered separating- funnel of the shape and capacity shown in the diagram 
(Fig. 94, A> Its exact capacity and dimensions are immaterial if the vessel 
holds a sufficient volume of water, and if the tube forming its lower extremity 
is wide enough to contain, when inverted (B), the quantity of sulphuric acid 
which is requiied to acidify the ammoniacal mixture before titration. 

Since an ordinary separating-funnel is, however, somewhat unwieldy for 
the purpose of these determinations, owing to the length of its tube, a special 
form of apparatus {Fig, 94, C) which contains exactly one- third of a litre will 
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be found very convenient. This can be purchased, together with the whole 
of the necessary apparatus and reagents for the determinations, suitably 
packed in a portable box. 

The Process. — The absorbing-vessel (e) is completely filled with the water 
under examination, which has been collected and stored in a Winchester- 
cjuart bottle filled to the brim and then stoppered. One limb of a glass 
siphon-tube is dipped almost to the bottom of this bottle, while the other 
and longer limb is connected with a piece of rubber tube provided with a 
screw-clamp. 

A little of the water is first drawn off and the absorbing-vessel is rinsed 
with it. The end of the rubber tube is then passed to the bottom of the 
vessel, the clamp is opened, and the water is allowed to flow in until it has 
filled the vessel and a fair quantity has overflowed. In this way the possi- 
bility of error arising from the absorption of atmospheric oxygen by the upper 
layer of the water, as it flows into the wide part of the vessel, is avoided. 

The stopper is now inserted and the excess of water is drained off. The 
stopper is then removed and about 7 c.c. of the water are taken out by a 
pipette and thrown away. If the vessel is of about the capacity specified, 
5 c.c. of the clear ferrous sulphate solution (a) are carefully measuied off into 
a graduated pipette and are allowed to flow into the absoibing- vessel, the 
nozzle of the pipette being dipped just below the surface of the water: the 
ferrous sulphate solution, owing to its higher density, will flow at once to the 
bottom of the water. Strong ammonia solution is then cautiously poured 
upon the top of the water until the vessel is just full, and the stopper is at 
once inserted. 

If a few drops of the ammonia solution is lost when the stopper is being 
inserted, no harm is done, since the ammonia solution floats on the surface and 
does not appieciably mix with the contents of the vessel. But no air-bubble 
must be inclosed, and a little dexterity is necessary to prevent this while the 
stopper is being pushed in. 

There is now a layer of ferrous sulphate solution at the bottom* of the absorb- 
ing-vessel, above this is the sample of water, and above this again the ammonia 
solution. These are mixed together by inverting the vessel once or twice 
with a swinging motion. A greenish turbid mixture is thus produced, which 
contains fenous hydroxide partly in solution and partly in suspension, and 
this rapidly darkens as it absorbs the dissolved oxygen from the wat. . 
Fifteen minutes may be allowed for the completion of this absorption. 

The stoppored vessel is now inverted (Fig. 94, B), and its tube or lower 
extremity, which is now uppermost, is filled with the dilute sulphuric acid 
(d). The stop -cock is then opened and the acid is allowed to flow down into 
the alkaline mixtu e. In the course of a few minutes the iron hydroxides will 
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be dissolved, and a clear liquid will be produced ; this may be hastened, if 
necessary, by applying a gentle heat. 

An air-bubble, if present in the bore of the stop-cock, will prevent the 
flow of the acid, but a few sharp taps will cause it to be displaced and to use 
through the liqusd and escape into the air. 

The acidified solution is then allowed to flow into a porcelain dish, and is 
titrated with cither the permanganate or the dichromate solution. 

It still remains to determine the value of the ferrous sulphate solution 
under conditions similar to those present in the estimation itself. The 
absorbing- vessel is filled with the water under examination, 7 c.c. are removed, 
and the remainder is poured into a porcelain dish, where it is mixed with the 
same volumes of the dilute sulphuric acid (d) and of the ferrous sulphate 
solution (a) as were employed m the estimation, and the mixture is then 
titrated. In this way, the error arising from the oxidisable substances present 
in the water is eliminated, even when their amount is considerable. 

It is convenient to determine the value of the iron solution in this way 
during the interval required for the absorption of the dissolved oxygen, and 
consequently as a preliminary to the latter process to fill the absoibmg- vessel 
with the water under examination, and to transfer the latter, after lemoving 
7 c.c., to a porcelain dish leady for the addition of the fenous sulphate solution 
and the dilute sulphunc acid. 

Calculation of Results. — When the shonger solution of either the perman* 
ganate or the bichi ornate is used, the number of c.c. of dissolved oxygen at 
O' C. and 760 mm. piessuro, which were present in the volume of water, aio 
equal to the difference between the burette leading for the blank cxpei linen t 
and that for the actual determination. This is on the assumption that the 
7 c.c. of mixed reagents contained the same propoition of dissolved oxygen 
as the water under examination, which is practically true. 

Thus in a particular determination, 332 5 c c of the water wcio taken, and 
the difference between the burette readings for the blank and for the dissolved 
oxygen determination was 2 35 c c. 

Assuming that the 7 c c. of leagent added contained the same amount of dis- 
solved oxygen as the water under examination, then a litic of the water contained 

2 35 x 1000 2350 _ ™ . , , , A AO „ . 

— ; = - - = 7 0G7 c.c. of dissolved oxygen at 0 C. and *60 mm. 

332*5 332 o 

For the Results of Estimation of Oxygen in Water refer to paiagraphs 

971 * 974 - 
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GENERAL REMARKS ON THE RESULTS OF THE CHEMICAL 
EXAMINATION OF WATER. 

Note . — The results of the above estimations are expressed in parts per 100,000 ; 
they can bo converted into grains per gallon by being multiplied by 07. 

646 . Total Dissolved Solids (606).*— Water which leaves a large 
residue on evaporation is not suitable for manufacturing purposes, since its 
use leads to waste of soap in washing, and produces scale in steam-boilers. 
Such water is not, however, necessarily undesirable for use as drinking-water. 

The amount of dissolved solids present m water depends mainly upon the 
nature of the soil through which the water has percolated. River- water 
usually contains from 10 to 30 parts of dissolved matter per 100,000. Shallow 
well-water may contain fiom 30 to 200 parts or even more, the variation in 
this class of waters being veiy great. Deep well-waters may contain from 
20 to 70 parts, but the propoition varies even beyond these limits in some 
cases. 

The weight of total solids found should be approximately equal to the 
sum of the weights of all the constituents estimated separately, 

647* The Ammonium Salts (607) present in water are almost invariably 
of animal origin. Their picsence usually points to recent sewage contamina- 
tion, since ammonia is one of the first products of change of nitrogenous 
animal refuse. When ammonia is present in water which contains calcium 
or magnesium carbonates, it is readily oxidised to nitrite and nitrate ; lienee 
its amount is reduced by keeping the water, and it should tlicicfore be esti- 
mated as soon as possible after the water has been collected. 

The amount of ammonia which is present as ammonium salts in water 
vaiios greatly. 

Upland Surface-water usua *y contains about 0 002 per 100,000, but the 
amount may exceed 0*008. If the land thiougli which the water passes is 
manured, the amount ot ammonia may rise to 0*03 or even higher. 

Shallow Well-water may be fieo from ammonia, or may contain any amount 
not exceeding about 2*5. 

Deep Well-water may contain as much as 0*1, but frequently contains 
no ammonia at all. Tho presence of a high propoition of ammonia in a deep 
woli-water casts suspicion on the water if the albuminoid ammonia rises 
above a mere trace, or if any appieciablo amount of oxygen is required in the 
permanganate test. 
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Spring-water contains but little ammonia, seldom more than 0 01 ; the 
average amount is about 0*001. 

Sewage may contain as much as 10 parts. 

As a rule, it may be stated that the quality of the water must be considcied 
suspicious, if the water contains as much as 0*01 of ammonia per 100,000. 

648. Albuminoid Ammonia, as has been already explained (615b 
gives an indication of the amount of organic nitiogenous matter present in 
the water. It should not exceed 0*008 part per 100,000, although in special 
cases a larger proportion may not be condemnatory. 

649. Oxygen Consumed by the Organic Matter (618).— The 
relative fieedora from organic impurity may be judged fLorn the results of 
the permanganate process, by the following standards. The weight of oxygen 
required for 100,000 parts of the water is stated in the Table. 


Upland Sui face- 
water 


Water fiom other 
sources. 


Water of 
Great puntv 
Medium puntv 
Doubtful puntv 
Impute 


. 1 Not exceeding 0 1. 
. ' From 0 1 to 0 .1 
. I luom 0*3 to 0 4. 

. ! Exceeding 0 4 


Not exceeding 0*05. 
Fiom 0*05 to 0*15. 
From 0 15 to 0*2. 
Exceeding 0 2. 


650. Chloride (619) is usually present in water as sodium chloride, 
occasionally as chloride of calcium or of some other metal. Sodium chloride 
may occasionally be derived from the soil. It may also be derived from sea 
water, which has been either mixed with the water or introduced as sea- 
spray. If no such source of the chloride can be tiaced, and its quantity 
exceeds 2 parts per 100,000, it is considered to be denved from urine. 

Rain-water usually contains sodium chloride, which has been derived from 
the air. 

Spring- and Rivet -water, if they are unpolluted with animal refuse, usually 
contain less than 1 part of chloiine as chloride per 100,000. 

Shallow Well-water may contain almost any amount of chloride, the pro- 
portion depending on the extent to which sewage has percolated into the 
well. 

651* Nitrite (620), if it is present in any appreciable quantity, should 
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be regarded as an indication of comparatively recent sewage contamination. 
Nitrite is readily oxidised to nitrate. Both nitrate and nitrite are innocuous, 
but they are usually oxidation products of objectionable organic matter 
which has previously been present in the water (652). 

Nitrite in Deep Well-water has probably been produced by the deoxidation 
of nitrate. When nitrite is found in deep well-water, it is therefore not looked 
upon with as much suspicion as when it is found in Shallow Well-water or m 
Upland Su7 face-water, unless albuminoid ammonia or oiganic matter is also 
present in appreciable quantity, 

652. Nitrogen as Nitrite and Nitrate (621).— The estimation of 
the nitrogen present as nitiite and nitrate is of importance foi the following 
icason : 

When nitrogenous organic matter is fully oxidised, its nitrogen remains 
chiefly in the form of nitrate ; but nitiite is also occasionally present if the 
oxidation is incomplete. Thus, the presence of a large amount of nitiogen 
as nitiite and nitrate points to past sewage contamination. This implies 
that, if the filtration and aeration which have caused the oxidation of the 
organic matter should fail, there will be the risk of recent unoxidised sewage- 
matter being present in the water. Such a risk is, however, practically absent 
in the case of water drawn from well-constructed deep wells. 

Upland Surface-water , if uncontaminated, should not contain more than 
0 03 of nitrogen as nitiato and nitiite per 100,000, although m cultivated 
districts the amount may reach 1 pait per 100,000. 

In Shallow Well-water the amount of oxidised nitrogen vaiies greatly. 

In Deep Well-uater the amount of oxidised nitiogen may rise to 5 parts, 
but the average is only 0*5. 

653* The Degree of Hardness of water (625) is chiefly of importance, 
when the water is used with soap for cleansing or for manufactuiing purposes, 
or when it is used for generating steam in steam-boilers. 

If water is required for drinking purposes, its hardness may vary from 
2 to 50 paits per 100,000. Hardness within these limits seems to have no 
elTeefc upon the health of t ie consumers, but a very hard water is not suitable 
for technical purposes. The character of the hardness will depend upon the 
nature of the soil with which the water has been in contact. 

Water may he Softened by the removal of its temporary hardness. This 
is usually effected by Clark's process. The process consists in adding sufficient 
milk of lime to neutralise the caibomc acid which is in the w r ater. The 
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calcium hydrate thus added is precipitated as carbonate, together with the 
dissolved calcium and magnesium carbonates. Since calcium carbonate is 
soluble to a small extent in water free from carbonic acid, a slight degree of 
hardness remains after the treatment with slaked lime. 

It has been found that by adding to 700 gallons of the water one ounce 
of quicklime for each degree of temporary hardness per 100,000 a good result 
is obtained. 

For technical purposes, both the temporary and permanent hardness may 
be removed by the addition of a mixture a sodium hydrate and sodium 
carbonate. The removal of calcium salts is more complete if solution of an 
alkaline oxalate is added in slight excess. 

654. Objectionable Metallic Constituents (635).— Opinions differ as 
to the limits allowable for certain metals in water, but probably those stated 
below will be generally accepted. 

Iron . — Not more than 0T part of iron per 100,000 should be present in 
water to be used for domestic and technical purposes : when as much as 0*3 
part per 100,000 is present, the water has a distinct chalybeate taste. The 
amount is reducible by aeration or filtration. 

Copper is very rarely found unless the water has been stored in copper 
vessels : not more than 0T part per 100,000 of water is permissible. 

Zinc has been found as a normal constituent of certain mineral waters ; 
quantities varying from 0*0015 part of ZnC0 3 to 13 parts of Z11SO4 per 100,000 
have been found. It may also bo introduced by contact of the water with 
galvanised iron pipes or tanks. Its presence in a drinking* water is undesirable. 

Lead has more often caused serious or fatal disturbances to health wherr 
taken in drinking-water than any other metal. It is not a normal constituent 
of natural water, but is generally derived fiom contact of soft water with 
lead pipes or with lead-lined tanks. Its action will vary with different 
individuals, but generally speaking not more than 0*025 part per 100,000 
of water may be present without producing an effect when the water is drunk : 
0 05 is considered decidedly dangerous, while 0*095 part has proved fatal m 
drinking-water. Drinking-water should undoubtedly be free from lead, as 
its physiological action is increased by the fact that lead accumulates m the 
organism and is not constantly voided. 



PABT IY -SECTION XI. 

ANALYSIS OF FOOD-MATERIALS, SOAP AND OILS 


6 62. Introductory Remarks. — In this Section certain processes aie 
described for the chemical examination of food. Those which are most 
fiequently in use, and are more or less typical, have been selected, and a few 
analyses of Technical Products are appended. 


Analysis of Milk. 

663. The constituents which are usually estimated in milk are the total 
solids, the ash, and the fat. From the results thus obtained the amounts of 
water and of “ solids not fat ” are deduced. The casein and the milk-sugar, 
which are included in the latter term, are rarely estimated separately. 

The examination may fiequently be curtailed by determining the specific 
gravity of the milk and the percentage of total solids, and then calculating 
the percentage of fat present by the formula given in paragraph 673 (c). If 
any doubt is thus raised as to the due proportion of fat being present, the fat 
may thon be directly estimated by one of the four methods described in 
paragraphs 666-672. 

664. Estimation of the Total Solids. — Mix the sample of milk well 
by shaking it, and measure 5 c.c. into a small flat-bottomed platinum dish, 
whose weight together with about 7 cm. of stout platinum wire is known. 
Then weigh the dish with the milk quickly, in ordei to ascertain the weight 
of the 5 c.c. of milk. 

Evaporate the milk to dryness upon the steam-bath, occasionally drawing 
aside the film from the surface by the platinum wire. Transfer the dish with 
the residue to the steam-oven, and continue to heat it until its weight is 
constant. About three hours is usually necessary to complete this process 
of drying. 

665* Estimation of the Ash. — Ignite the residue in the platinum dish 
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(664) over a Bunsen or Argand flame, at a temperature which never reaches 
visible redness, since if the temperature of ignition is too high part of the 
chloride will be volatilised. Continue the ignition until all the volatile matter 
has been driven off, and the carbon has been completely burnt ; then allow 
the dish to cool, and weigh it. 

666. First Method for Estimating Fat.— The fat is extracted from 
the dry residue of the milk (664) by ether, the ether is lemoved by distillation, 
and the residue of fat is weighed. 

The Process . — Mix the milk well by shaking it, and weigh 10 c.c. in a 
stoppered weighing-bottle ; then pour it upon about 20 grams of dry clean 
silver-sand or of anhydrous plaster of Paris, contained in a porcelain 
evaporating- dish about 7 cm. in diameter. The sand should have been freed 
from soluble matter by treating it with hydrochloric acid and washing it 
with water, and should then have been dried by heat. 

Place the dish on the water-bath, and heat it until the mass is dry, stirring 
continually in order to prevent the formation of lumps. Then remove tho 
fat from this residue by extracting it with ether in tho Soxhlet apparatus 
(671)1 or by the following method, which is however more tedious : 

Transfer tho residue fiom the dish to a wide-mouthed 250 c.c. round flask, 
detaching the last portions if necessary by using a little ether and a glass rod. 

Heat tho residue in the flask with about 50 c.c. of anhydrous ether. For 
this operation tho flask should be connected with a icflux condenser, so that 
the ether, as it is boiled off, may be condensed and caused to flow back again 
into the flask. 

After the ether has been boiled for about half an hour, pour off the ethereal 
extiact of tho fat through a dry filter into a weighed flask. Repeat these 
operations with 50 c.c. moio ether, and pour the ether off through the filter 
into tho same flask as before. 

Finally wash tho lesidue, which still contains a little fat, with more other, 
until no fat is left when tho last drops of ether are evaporated to dryness 
on a watch-glass. Add these washings to the ether- extract which is already 
in the flask. 

Distil off the ether from the fat-extract, as far as possible, condensing the 
ether- vapour by means of a condenser. Remove the flask to the water- bath, 
and heat it for some time ; finally heat it in tho steam-oven, until its weight 
is constant. 

It will probably be found convenient to distil off the ether from the first ethereal 
solution of fat, as soon as it has been filtered into the tared flask. The subsequent 
extracts and washings are then poured into the same flask, and are subjected to 
distillation later on. 
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667. The Weraer-Schmidt Method for Estimating Fat.— The 
milk is mixed with hydrochloric acid and heated. The acid attacks the casein, 
which incloses the fat-globules, and thus renders the fat easily soluble in 
ether. Ether is now added and the liquid is vigorously shaken. The volume 
of the ethereal solution is noted after it has risen above the acid liquid. An 
aliquot measured part of this ethereal solution is removed into a small weighed 
dish, and the ether is evaporated. From the weight of fat which is thus 
obtained the amount of fat which is in solution in the whole of the ether 
can bo calculated. 


Fio 93. 


SO 




180 


F20 


The Process . — Mix the milk well by shaking it, and weigh accurately 
about 10 grams into a Schmidt tube (Fig. 95), which is graduated into 50 c c. 

Add 10 c.c. of strong hydrochloric acid, close the bottle with 
a cork, and heat it ia the water-bath for about ten minutes, 
flR shaking it occasionally. The liquid will become dark brown 
ra. in colour, owing to the chemical action of the acid upon the 
* ‘ casein. 

Now cool tho liquid rapidly by holding the tube in a stream 
of cold water. When it is perfectly cold, fill the tube to the 
50 c.c. graduation with ether, which has been freed from 
alcohol by washing it repeatedly with water. Then insoit 
tho cork, and shake tho liquid vigorously for one minute. 

When the other has again risen to the surface, a small 
layer of undissolved matter will be seen between the ethereal 
and tho acid portions of tho liquid. Read off tho volume of 
the other fiom the middle of this layer of undissolved matter 
to its upper surface. 

Transfer rapidly two 10 c.c. portions of the ether solution, by means of a 
dry pipette, into separate tared porcelain dishes. Evaporate these to dryness 
on the water-bath. Then remove each oi tho dishes to the steam-oven, and 
heat it until its weight is constant. 

The percentage of fat in the milk is calculated from the mean of the weights 
of fat which are obtained in these two estimations. 


Schmidt Tube. 


Example — In an actual estimation, 10 grams of milk were used. 

After agitation with other, the ethereal solution measured 28 c c. 

The evaporation of 10 c c. of solution yielded 0 124 gram of fat. 

*0 124 x 28 

Hence 10 grams of tho milk contained ^ «• 0 347 giam of fat. 

Therefore tho milk contains 3*47 per cent, of fat. 


668* Richmond's Modified Gotlieb Method. — Accurately weigh ot 
measure about 5 grams of the milk into a narrow 50 c.c. stoppered cylinder 
25 cm. m height, and standing on a foot. Add 0'5 c.c. of ammonium hydrate 
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solution and shake the liquids, then add 5 c.c. of alcohol of about 0*83 specifio 
gravity and shake the liquids again. Now add about 12 5 c.c. of methylated 
ether of 0*720 specific gravity, and mix the liquids by shaking tho vessel ; 
finally add 12*5 c.c. of petroleum ethei, and shake the whole two or three 
times. The above directions for mixing the liquids aftei each addition must 
be carefully followed. 

Then draw off as much as possible of the ethereal layer into a flask, shake 
up the residual liquid with a mixturo of about 25 c.c. each of ether and 
petroleum ether, and remove as much as possible of tho ether layer into the 
flask, lepeatmg this treatment twice in a similar way with fresh ether. Distil 
the ether from the flask and dry the flask m the steam-oven until its 
weight is constant. Then dissolve out the fat with a little petroleum ether, 
and subtract the weight of the very slight dned residue from the total weight 
of fat already obtained. 

If the milk is sour, lumps are sometimes seen after the ether has been 
added, but these will disappear if the tube is placed in warm water for a few 
minutes and is then well shaken. 

669. Adams* Method for Estimating Fat.— According to this 
method, a known weight of the well-mixed milk is absorbed by a strip of 
filter-paper. The filter-paper is then dried, and the fat is subsequently 
removed by means of ether in an extraction-apparatus. The resulting ether 
solution is distilled m order to remove the ether, and the residual fat is 
weighed. 

The milk- residue thus obtained piesents a very large surface to the solvent 
action of the ether, and the removal of the fat can theiefoie be quickly and 
completely effected. The filter-paper and the ex ti action- apparatus, which 
are lequired for this process, are desciibed below. 

670 . The Filter-paper Strip . — The strip is 58 cm. long, and about 6 cm. 
wide. Its exact width will be determined by the dimensions of the reservoir 
of the Soxhlet extraction- apparatus (Fig. 94, h). The stnp should be of such 
a width that when it is coiled up and placed m the reservoir of the Soxhlet 
apparatus, it reaches nearly to the upper bend of the syplion-tube (5). 

Paper practically free from fat, and from other matter soluble in ether, may 
be purchased for use in this process. A snip of such paper may, however, 
contain from four to five milligrams of matter soluble in ether, and this 
should be either removed or allowed for in accurate analyses, as is desciibed 
below. 

If Ordinary Filter-paper or Blotting-papei is used, it will contain matter 
soluble in ether. This is either extracted from each stnp of paper by tho 
following treatment before it is used in the process, or the soluble matter is 
estimated and allowed for. 
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If the paper-coil is to be freed from fat, soap, and resin, treat it as 
follows: Place the coil in the extractor (Fig. 00). Half fill the flask (a) with 
ether, and boil the ether for about half an hour by heating the flask in an evapo rat- 
ing-dish containing water. Then extinguish the heating flame, and take out the 
paper-coil. The coil will now be free from all matter soluble in ether, and will be 
ready for use. 

If the fatty matter is to be estimated and allowed for, the loss of weight 
which five similar strips of the paper suffer when they are treated with ether in the 
Soxhlet apparatus (671) is ascertained in the above way. From this result the 
average weight of the soluble matter in one strip is calculated, and this weight, 
which usually amounts to from 10 to 12 milligrams, is subtracted from the weight 
of the milk-fat which is subsequently found. 


Fia. 96. 



The Soxhlet Extractor. 


671* Tht Soxhlet Extraction-apparatus . — A suitable extraction- apparatus 
is shown, ready for use, in Fig. 96. 

The flask (a) contains the solvent liquid. The neck of this flask is con- 
nected with the Soxhlet extractor (&, c) by means of an ordinary cork, the 
lower end of the extractor being pushed through a perforation in the cork. 
Into the upper end of the extractor another cork is fitted, through a perforation 
in which the end of the adapter ( d ) passes. The adapter is a conical piece of 
glass tube, bent as is shown in the figure ; it enables the Liebig condenser (e) 
to be attached to the extractor at a convenient angle, 
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Instead of using the adapter and Liebig condenser, one of the forms of con- 
densers described in paragraph X0X6 may be fitted directly into the cork of the 
extractor. 

The corks which are used in this apparatus must have been previously 
extracted with ether, in order to remove all matter soluble in that liquid. 

The requisite quantity of ether or other solvent is poured into the flask (a), 
and the paper, or other substance which is to be treated with the solvent, 
is placed in the broad central tube of the extractor (6, c). The substance 
should not reach higher than the shaded portion in the figure : it is usually 
placed in a bag made of filter -paper, so that no solid matter can find its way 
into the reservoir and thence through the side-tube (6) into the flask (a). 

Note — An “ Extractor-thimble ” may be purchased, which is made of fat- 
free paper in a size and shape suitable for insertion in the extractor. It may be 
used repeatedly for the process of extraction. 

When the liquid in the flask (a) is boiled, its vapour passes up through 
the lower central tube, and thence through the side-tube (c) since there is 
no direct communication between the reservoir and the lower central tube. 
The vapour then passes into the condenser, and the condensed liquid 
drops back from the adapter ( d ) upon the substance in the reservoir, and 
accumulates in the reservoir. 

As soon as the liquid reaches the level of the upper bend of the narrow 
syphon-tube (6), which communicates with the bottom of the reservoir, it 
fills that tube and syphons over and thus finds its w*ay back again to the 
flask (a). This process will repeat itself as often as the liquid collects in the 
reservoir in sufficient quantity to reach the necessary level. In this way the 
substance is constantly brought into contact with the pure warm solvent ; and 
the matter thus extracted is carried by the solvent into the flask (a), where 
it will gradually accumulate. 

672. The Process of Extracting the Fat.— The following method 
of preparing the paper-coil for the extraction of fat may be adopted : Pin 
the end of one of the paper-strips (670) to the edge of the bench, so that the 
strip hangs vertically in the air. Then allow 5 c.c. of the well-shaken milk 
to drop slowly upon the paper and to be absorbed by it, removing the last 
portions of the milk from the pipette by rubbing the point against the dry part 
of the paper. Now allow the strip to hang until it is quite dry, hastening 
the drying process, if necessary, by holding the strip near the side of a 
steam-oven. 

Then roll the paper into a coil, and place it in the Soxhlet extractor (Fig. 
96) ; pour about 100 o.c. of anhydrous ether into the weighed flask, and 
heat the flask in a small dish of water sufficiently to keep the ether boiling. 
Maintain the heat until the ether has syphoned over from the extractor at 
least twelve times. 
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If any suspended matter is present in the tared flask, the ethereal solution 
must be filtered into a second tared flask ; the filter is then washed with ether, 
and the washings are added to the flask before distilling off the ether. If the 
paper-coil is placed in an “ extractor-thimble ” (67l> Note) no solid particles 
will pass into the flask. 

Then distil off the ether as far as possible, and dry the fat-residue by heat- 
ing the flask upon the water-bath, and finally m the steam-oven. As soon 
as the weight of the flask containing the fat is constant, the amount of the 
fat is found by subtracting the weight of the flask. Since the weight of the 5 c.c. 
of milk, which contained this weight of fat, is known (664), the percentage of 
fat may be calculated from these results. 

673. The Other Principal Constituents of the Milk are not 
estimated diiectly, but their amounts aio calculated from the results alieady 
obtained, as is described below : 

(a) Estimation of Water. — The water in the milk is estimated by 
difference. The percentage of milk solids (664), when subtracted from 100. 
gives the percentage of water: 

(b) Estimation of the “ Solids not Fat.” — The percentage of “ solids 
not fat** is obtained by subtracting the percentage of fat (666-672) 
from the percentage of milk solids (664)* 

(c) Estimation of Fat by Calculation. — The results which have 
been obtained by the direct analysis of the milk may be checked by an in- 
direct method of calculation. This is based upon the following considerations : 

The specific gravity of milk is influenced by the amounts of fat and of 
“ solids not fat ” which are present, the former tending to lower the specific 
gravity, and the latter to raise it. Several formulae, expressing the relation of 
the quantity of fat to the specific gravity and the amount of total solids, 
have been proposed. 

The following formula, which is adapted to the Adams process of fat- 
extraction, has been given by Hehner and Richmond : 

T 0-219 [(G x 1000) - 1000] 

F = 1-2 " G 

in which F represents the percentage of fat, T the percentage of total solids, 
and G the specific gravity of the milk. 

In the case of a poor skimmed milk a correction must be made, by subtract- 
ing fiom the result obtained by the above formula the following amount : 

nu x 1000) - 1000 1 

0 05 x U - - T 2 5 J. 
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Example. — A milk which yielded 12 5 per cent, of total solids and had a 

12 5 0 219 x 30 

specific gravity of 1 030, would contain ^ t) - ^ 4 1 per cent of fat. 

674. Remarks on the Results of Milk Analysis. —Tho iesults of 
the analysis of milk may either be returned as grams per 100 c.c., or as percent- 
age weights. If the percentage weights are to bo given, the specific gia\ity 
of the well-mixed milk at 15 5° C. is taken (33-38) ; the weights of the volumes 
of milk which have been used aro then calculated from the specific gravity, and 
the analytical results are converted into peicentage weights. The sepaiato 
portions of the milk which are used in the analysis may however be weighed 
instead of being measured, and this will lender the determination of the 
specific gravity unnecessary. 

The most common adulterant of milk is water; and this “wateiing,” or 
addition of water, reduces the percentage of total solids in the milk. But 
the quality of the milk may also be reduced by “ skimming,” or removal of 
fat m the foim of cieam, which only 1 educes the amount of fat. 

The “ solids not fat ” in genuine whole milk should not be less than 8*5 
per cent. This number, howcvei, is only obtained from a milk of poor quality, 
and 9 per cent, is sometimes the minimum limit accepted. 

The amount of fat present in milk should not be less than 3 per cent, 
but it vanes with the season and with the method of feeding the cows. 

Taking the above minimum percentages of “ fat ” and of “ solids not 
fat ” as standards, the extent of adulteiation with water, and of impoverish- 
ment by the removal of fat, may be calculated as follow's : 

If a is the percentage of “ solids not fat ” in a sample of watered milk, 

100 

then the peicentage of pure milk present will be x a, and the percentage 

o O 

100 

of added w ater will be 100 - — a. 

o'*) 

Also if b is the percentage of fat, the number of grams of fat which have 

been lemovsd by skimming 100 grams of the milk, whether it has been watered 
3a 

;r not, will be $*5 - b ; and the percentage deficiency due to skimming only 
/3a \ 100 

will be & ) x g • The whole deficiency of fat due to both skimming 

and watering, stated as a percentage of the fat which is present in the accepted 
3 -b 

standaid milk, will be x 100. 

A useful criterion as to whether milk has been skimmed is furnished by 
detci mining the amount of protein matter present. This may be effected 

%% 
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by estimating the amount of nitrogen contained in 10 c.c. of the milk by the 
Kjeldahl process (807) : this amount when multiplied by 6*37 gives the weight 
of proteins present. 

General experience proves that in “ whole ” or unskimmed milk the 
amount of fat present is at least as great as the amount of protein matter. 

This criterion is of special value in judging condensed milks. 

674. Preservatives in Milk. — Certain substances are occasionally 
introduced into milk, more especially during hot weather, in order to pre- 
vent it from undergoing change. Those which have been most commonly 
detected are borax or boric acid, and formaldehyde introduced as the aqueous 
solution termed “ formalin.*’ 

675. Borax and Boric Acid may be tested for by adding a few drops of 
alcoholic extract of turmeric to a little milk acidified by oxalic or citric acid, 
and evaporating to dryness in a flat porcelain dish • a bright red coloration 
of the residue, which changes to bluish green on the addition of ammonia 
solution, indicates the presence of borax or boric acid. 

If this coloration is obtained, the amount of the preservative may be esti- 
mated by titrating the boric acid as is directed below : 

To 100 grams of the sample add from 1 to 2 grams of potassium hydroxide 
and evaporate to dryness in a platinum dish. Char the residue thoroughly 
at a low temperature, and when it is cool boll it with 20 c.c. water, adding 
HC1 drop by drop until all is dissolved except carbon. Filter into a 100 c.o. 
flask, taking care that the filtrate with the washings does not exceed 50 or 
60 c.c. in volume. 

Remove the phosphates from this liquid by adding to it 0*5 gram of calcium 
chlorido, and then making it slightly alkaline to phcnol-phthalein by adding 
a few drops of 10 per cent, potassium hydroxide solution and then 25 c.c. of 
lime-water. 

Now make up the liquid to 100 c.c. with water and filter it through a dry 
filtor. To 50 c.c. of this filtrate add just enough normal sulphuric acid to destroy 
the pink colour, then add methyl-orange, and continue adding the normal acid 
until the liquid just give3 the red acid indication with the methyl -orange. After 
boiling to expel carbon dioxide, add decinormal potassium hydroxide solution 
cautiously until the reaction just becomes neutral : then add an equal volume 
of glycerol, and titrate the boric acid with decinormal KOH solution until a 
permanent pink colour is produced with the phenol-phthalein. Each c.o. 
of the decinormal alkali corresponds to 0*0062 gram of H 3 B0 3 , to 0*0035 
gram of B i 0 3 , or to 0*00955 gram of Na 2 B 4 O 7 .10H 2 O. 


^76. Formaldehyde may be tested for by a reagent consisting of a 
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mixture of 0*1 c.o. of pure nitric acid, or c.c. of normal nitric acid, with 
100 c.c. of strong hydrochloric acid. 

10 c.c. of this freshly made reagent are added to 5 c.c. of the milk in a 
test-tube, and the mixture, after being vigorously shaken, is kept for ten 
minutes in a water-bath at the temperature of 50 ° C. : tho liquid is then 
cooled rapidly to about 15 ° C. A violet coloration of the liquid indicates 
the presence of formaldehyde in tho milk. 

The proportion of formaldehyde in the milk may be estimated by compar- 
ing the intensity of this coloration with that furnished by oach of several 
standard tubes containing milk with known amounts of formaldehyde, which 
have been treated in precisely the same way. The reaction is most delicate 
when from 0*2 to 6 parts of formaldehyde are present in a million of milk, 
and if the colour is deeper than that corresponding to 0 parts per million, 
the sample should be diluted with pure milk down to that proportion. 

Another method of estimation consists in adding to 100 grams of the milk, 
1 c.c. of dilute sulphuric acid made by mixing the strong acid with three times 
its volume of water, and distilling over 20 c.c. of this liquid. Tho amount 
of formaldehyde in the distillate is then estimated by tho iodomcti ic method 
(346), and is multiplied by tlirco, since the distillate contains about one-third 
of the formaldehyde which was originally present in the milk. 

For the Average Results of Analyses of Milk refer to paragraph 965. 


Analysis of Butter. 

677. It is usual to estimate in butter, tho water, curd, salt and fat. 
If preservatives are detected, it may also be necessary to estimate tho 
amount of boric acid which is present either as such or as producible from 
borax. In case the butter is to be tested for foreign fats, a further examina- 
tion is necessary, such as is described in paragraphs 685-689. 

678. Estimation of the Water. — Weigh out accurately about 5 
grams of the butter into a tared dish ; heat it in the steam-oven, or better 
in an air-oven to a temperatuie of 11C° C., until no globules of water can be 
seen below the fat, and until the weight becomes constant. The loss of iveight 
represents the water. 

679* Estimation of the Curd and Salt. — Melt the dry butter (678), 
and treat it with about 10 c.c. of ether, pouring off the ether solution through 
a tared filter. Then treat the residue again with ether, transfer it to the filter, 
and continue to wash it with ether until the last few drops of the ether give 
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no residue when they are evaporated to dryness on a watch-glass. Then dry 
the filter and its contents in the steam -oven, until their weiclit becomes 
constant. The weight of the residue represents the amount of end and salt, 
in the weight of butter taken (678). 

The ether solution may be icsorved for the direct estimation of the fat 

(682). 

680- Estimation of the Ash. — Transfer the dried filter and its contents 
(679) i° a weighed platinum crucible, and ignite them at as low a temperature 
as possible, until the residue is white in colour and its weight is constant. 

The residue should consist almost wholly of salt, but it may contain boric 
acid or borax introduced into the butter as a pieservative. The ash may 
be dissolved in water, and half the solution may then bo titrated for salt 
by silvor nitrate (373), while the other half is tested for boric acid (675). If 
boric acid is found it may be estimated as is diiccted in paiagiaph 68l. 

681. Estimation of Boric Acid. — 10 grams of the butter ire heated 
gently m a small evaporating-dish, and the melted fat is washed into a small 
stoppered separating- funnel with about 40 c c. of boiling water. The whole 
is then well shaken and allowed to stand until the fat has separated completely 
from the water, when the water is allowed to flow of! tluough the tap into a 
100 c.c. flask. 

This treatment is repeated three times, not more than 20 c 0. of boiling 
water being used on each occasion. The four washings are then cooled in 
the flask and are made up to the 100 c.c. mark with distilled water. This 
solution is filtered through a dry filter, and 50 c.c. are rendered alkaline to 
phenol-phthalein by being mixed with a few drops of KOH-solution, and 
arc then titrated as is directed in the last paragraph of 675* 

682. Estimation of the Fat. —The fat may be estimated either by 
difference or directly. The estimation by difference is the more exact method. 

If the fat is to be estimated by difference, it3 percentage is found by sub- 
tracting the sum of the percentages of water, curd and salt (678, 679) from 100. 

If the fat is to be estimated directly, the ethereal solution and washings 
from paragraph 679 are transferred to a weighed flask, and the ether is dis- 
tilled off as far as possible. The flask containing the iesidue of fat is then 
heated for some time on the water-bath, and is finally dried in the steam oven 
until its weight is constant. 

683. Remarks on the Results of Butter Analysis.— Hehner 
states that the percentage of water present in well-made butter of good 
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quality is not as a rule greater than 13, nor less than II. A proportion exceed- 
ing 16 per cent, indicates either careless making or intentional adnltoiation. 

The percentage of cuid and salt should amount to about 2*3, and although 
the weight may be considerably higher it should never reach 8 per cent. 

The percentage of fat, which averages fiom 85 to 87, should never fall 
below 80. 

For tlio Results of Analyses of Butter refer to paragiaph 966. 


Detection of Foreign Fats tn Butter. 

684- Four methods arc given for detecting and estimating ioieign fats in 
butter. They are Reichert’s method ( 685 - 687 )* Hehner’s method (688), 
Koettslorfer’s method (689), and Bhchfcldt’s method (103I). 

The degree of rancidity of butter may also be estimated by the Koetts- 
toifer method, as is explained in paragraph 690 * 

685. Reichert's Method of Detecting Foreign Fats in Butter.— 
This method is based upon the fact that genuine buttei-fat furnishes moro 
than 4 per cent, of volatile fatty acids, wheieas other fats either furnish no 
volatile acid or else a veiy much smaller propoition. 

This method is now employed either in the modified form described in para- 
graph (686), or as a second modification (687) which will bo found to be moie 
simple and lapul 1.1 execution. A standaid pioco^s, known as the lleichert- 
Wollney method, is al&o descubed 111 paiagraph 760. 

686. The First Modified Reichert Process requires the following pre- 
liminaiy prcpaiations : 

(a) Caustic Soda Solution . — Dissolve 50 grams of caustic soda in 50 c.c. 
of water, let the liquid stand until it is clear and then decant it. This solution 
will be free from carbonate, since sodium caLbonate is quite insoluble in a solu- 
tion containing 50 per cent, of sodium hydiate. 

(b) Dilute Sulphuric Acid of such strength that 5 c.c. are more than 
sufficient to neutralise 1'5 c.c. of the above caustic soda solution. 

(C) Decinormal Solution of Barium Hydrate. — This solution is preferred for 
the final titration of the volatile fatty acids because it can contain no soluble 
carbonate, and any carbonate which was present would evolve carbon dioxide 
during the titration with acid, which would souously interfere with the 
accuracy of the process. 
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(d) Preparation of “ Butler-fat.” — Prepare some butter-fat, free from 
moisture, salt, and curd, in the following way : 

Melt some of the butter in a small beaker on the water-bath. When the 
fat is clear, pour it off through a dry filter-paper which is supported, without 
a funnel, in another small beaker upon the water-bath. Care must be taken 
that none of the water, from beneath the fat, is poured upon the filter, and the 
filtered liquid fat must be perfectly clear and transparent. The butter which 
has been prepared in this way will be termed “ butter-fat,” in older to dis- 
tinguish it from the unclarified butter. 

Process of Estimation . — Weigh out 2*5 grams of the cold “butter-fat” 
(d) into a dry flask, which is capable of holding about 200 c.c. Add about 
10 c.c. of alcohol, and then 1*5 c.c. of the solution of caustic soda (a). At 
once close the flask with a rubber stopper, and gently shake the contents until 
they have become quite clear ; then allow the mixtuie to stand at a gentle 
heat for about ten minutes in order to complete the saponification. 

Now remove the rubber stopper, and replace it by a perforated cork, 
bearing a short piece of nairow glass tubing open at both ends. Then heat 
the flask upon the water-bath, so os to evaporate the alcohol. The narrow glass 
tube will prevent thecntiy of any carbon dioxide from the air, the absorption 
ol which would ultimately lead to the lesult obtained being too high. 

When the alcohol has been diiven ofl, add 70 c.c. of boiling distilled 
water which has been fieed from caibon dioxide by being boiled for at least 
twenty minutes, and once mote close the flask by the lubber stopper. As 
soon as the soap has been dissolved by the hot water, add 5 c.c. of the dilute 
sulphuiic acid (b). Then shake the contents of the flask w r ell, drop a few pieces 
ot biokcn clay-pipe into the flask, and distil through a condenser (IOl6) at 
such a rate that 50 c.c. of distillate aie collected m about a quaiter of an hour. 
It is impoitant that this distillation should not actually begin until the fatty 
acids in the flask have been melted to a clear yellowish oily fluid. 

Now iilter the acid distillate thiough a filter-paper, which has previously 
been washed with distilled water freed from carbonic acid by boiling. Then 
wash the filter until it is fiee from acid, and titrate the well-mixed filtrate 
and w ashings with the decinormal baryta solution (c), using phenol-phthalein 
as an indicator. 

If the butter-fau is genuine, the 50 c.c. of distillate will usually require 
for neutralisation about 13 c.c. of the decinormal barium hydrate solution 
and the quantity will rarely be less than 12 5 c.c. Butter made from the milk 
of individual cows not unfrequently gives lower results, especially w r hen the 
cows are near the end of their period of lactation. On the other hand, 
butters produced in Egypt, Austraha, and New Zealand usually require fiom 
15 to 10 o.o. 
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Every sample of market-butter, which has been made from the mixed 
milk of a number of cows and requires less than 12*5 c.c., should therefore 
be looked upon with suspicion ; and if the suspicious result obtained by this 
method is confirmed by other means, the adulteration of the sample may be 
considered to have been proved. 

The volatile acid contained in the 50 c.c. of distillate represents almost 
accurately 83 per cent, of the total quantity of volatile fatty acids contained 
in the butter-fat. Hence if the number of c.c. of decinormal solution used 
for 2*5 grams of butter-fat is multiplied by the factor 0*424, the percentage 
of total volatile acids present, calculated as butyric acid (C 4 H 8 0 2 ), is approxi- 
mately obtained. 


The above factor is derived thus : Since the molecular weight of butyric 
acid is 88, each c c of decmoimal baryta solution corresponds to 0 0088 gram of 
butyric acid ; and since 2 5 grams of butter-fat were used, the percentage of butyric 


acid n x 


/ 100 
( 00088 X 33 



n x 0 424, where n is the number of c.o. 


of baryta solution used. 


687. The Second Modified Reichert Process is described below. It is 
much more rapid m execution, but requires a special solution of caustic soda. 

Caustic Soda Solution . — Dissolve 50 grams of caustic soda in water, dilute 
the solution to 100 c.c., and filter it through a toughened filter. Add this to 
500 grams of puie glycerine, and stir well. 

Process of Estimation . — Weigh 5 grams of the butter-fat into a wide- 
mouthed flask, add 10 c.c. of the glycerine solution, and heat it by means of 
a small flame until frothing ceases and the solution becomes clear. Allow 
the liquid to cool somewhat, and then add vciy giadually 95 c.c. of freshly 
boiled distilled water, constantly shaking the liquid in order to prevent loss 
by frothing. 

Now add 50 c.c. of normal sulphuric acid, drop in about 0*1 gram of 
powdered pumice, connect the flask with a condenser, and commence the 
distillation as soon as the layer of fatty acids has become quite clear. The 
process of distillation has been already described on page 342. 

Collect 110 c.c. by distillation ; filter off 100 c.c. of the distillate through 
a dry filter, and titrate the acid in this filtrate by decinormal barium hydrate 
solution (c), using phenol- phthalein as an indicator. Add to this result one- 
tenth of the number of c.c. of barium hydrate solution used. 

Process of Calculation . — Let N represent the number of c.c. of the barium 
hydrate solution used for the neutralisation of the distillate from the butter- 
fat, and n the volume in c.c. of the barium hydrate solution required by the 
distillate in a blank estimation in which no butter-fat has been used ; then, 
since 5 grams of normal butter-fat require 26 c»c. f 
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(1) The percentage of foreign fats = 


26 - (X - n) 
26 


x 100. 


This formula docs not allow for the presence of volatile fatty acids in 
margarine. Bat if y represents the number of c.c. of standard barium hydrate 
solution required to neutralise the volatile fatty acids in 5 grams of margarine, 
then 


(2) The percentage of foreign fats = 


26 - (X - n) 
20 - y 


x 100. 


Accoiding to the statement given below, y vanes between 0*0 and 4*0, but 
unless buttci-fats are present tho value does not exceed 1*0. Accordingly 
if first tho value 0 0 and then 1*0 is substituted for y in the above formula, the 
extreme quantities of foreign fats which can bo present w ill bo found. The 
higher figure, 1*0, alone is usually taken for tho calculation. 


Adulteration with Foreign Fats . — The following statement shows that the 
volatile fatty acids, which are derived from equal weights of otiicr ordinary 
fats, require a far smaller volume of the standard alkali to neutialise them 
than is tho case with butter-fat. 

Tho volume in c.c. of decinormal banum hydrate solution, which is 
requncd for neutralising the volatile fatty acids from 5 grams of the following 
fats, is for 


Genuine butter-fat 
Cocoa-nut fat 
Beef-fat 
Lard 

Margarine 


20 0 to 34 0 
7 2 
0*5 
06 

0 0 to 4 0 


Note — The value, 4 0, given for margarine corresponds to a mixture which 
contains 10 per cent of butter-fat , this is the largest proportion allowed by law, 
and a \ alue of 1 0 may he taken the a\ crago for oleo-margarine mixtures. 

Tho number for butter-fat is scon to differ so widely from the numbers 
obtained for all oMicr fats, that it furnishos a means not only of detecting 
the admixture of foreign fats with the butter, but of calculating its amount 
as is described above. 

In calculating the percentage amount of adulteiation in the butter-fat, 
it is usual to take the lowest number of c.c. required by 5 grams of genuine 
butter, 26’0, and tho highest number, 1’0, requited by maigannc. This has 
been done in drawing out tho above formula. 


688. Hehner’s Method of Detecting Foreign Fats in Butter.— 
This method depends upon the fact that butter-fat contains a smaller 
proportion of fatty acids insoluble in water than other fats do. Hence, by 
estimating the amount of insoluble fatty acids in a sample of butter, the 
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presence of foreign fats may be detected, and the proportion in which they 
are present may be calculated. 

The Process — Prepare from the butter some “ butter-fat ’* free from 
moisture, cuid, and salt (686, d). Then weigh accurately about 4 grams of 
this butter-fat into an evapoiatmg-dish, about 15 cm. in diameter. Melt 
the fat on the water-bath, and add from 5 to 10 c.c. of a saturated solution 
of potassium hydiate m alcohol. The fat will bo rapidly saponified. Now 
add a few drops of water, and if any fat separates out, add more alcohol and 
continue the heating. 

Dilute the soap-solution thus formed with water, and then boil it down 
until the smell of alcohol is no longer perceptible. Dissolve the soap, which 
will have partly sepaiated out, in water; and add dilute liydrochlouc acid 
until the solution strongly reddens litmus-paper. Then heat 
the dish for about half an hour on the watei-bath. The tatty Fig. 1)7. 
acids will form an oily layer above the aqueous solution, wdnch 
should itself be almost clear. 

Separation and Washing of the Fatty Acids. — Now linso 
out a “ buttei-flask ” (Fig. 97), about a litie m capacity, with 
hot w'atei, and transfer the fatty acids together with the 
liquid to the flask, reserving the dish. Allow the aqueous 
liquid to flow away by opening the stop-cock (a), leaving 
the melted fatty acids m the flask. Pour hot water into the 
flask, and shake it well with the fatty acids ; then allow the 
water to flow away again. Repeat this process of washing 
until the washing-water is no longer acid in reaction. Buttek-flask. 

Now carefully open the stop-cock, allow the fatty acids 
to just reach the lower end of the tube (a), and remove the diop of water 
fiom beneath the fat by touching it with filter-paper. 

Then allow the whole of the fat to flow into a weighed glass dish. Rinse 
out the dish, which was used foi the saponification, with a little ether. Pour 
this liquid into the butter -flask, and after shaking it round in the flask, allow 
it to flow through the tube (a) into the weighed dish. Rinse the butter-flask 
twice with fresh small portions of ether, and add these to the liquid in the glass 
dish. Evaporate the ether by gentle heat, heat the dish containing the residue 
in the steam-oven for a short time, and then cool it. 

If a drop of water is seen beneath the fat, cut out a circular piece Of fat 
with a sharp penknife, so as to be able to reach the water and absorb it by 
a piece of filter-paper. Then place the dish in the water-oven, heat it for 
two hours, and w eigh it when it is cold. Repeat these processes, until the 
difference between two consecutive weighings amounts to I or 2 milligrams 
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only ; the fat may then be considered as dry, and the final weighing may be 
taken as correct. 


The Presence of Admixed Foreign Fats may be ascertained, and their 
amount may be found, from the percentage of insoluble fatty acids which is 
thus obtained : 

Since animal fats contain on the average 95*5 per cent, of insoluble fatty 
acids, and butter-fat contains on an average only 87*5 per cent. ( Note ), 100 
parts of foreign fat contain 8 parts of insoluble fatty acids more than 100 
parts of butter do. Hence if (a) represents the percentage of insoluble fatty 
acids found, then the amount of foreign fat present in 100 parts of the butter- 


fat = 


100(a - 87*5) 


= 12*5 (o - 87*5). 


Note . — Although the percentage of insoluble fatty acids in butter is, as a rule, 
87 5, genuine butter has been found to contain 88 5, and even 89 per cent 

Example — In a particular estimation the buttci-fat contained 93 5 per cent, 
of insoluble fatty acids ; hence the amount of adulteration m 100 parts of the fat 
u 12 5(93 5 - 87 5) •=» 12*5 x 6 = 75. But the butter-sample contained 15 per 
cent of water, curd, and salt, and 85 per cent of buttei-fat : thciefore the peiccnt- 

75 x 85 

ago of adulteiation m the sample — — =* 03 75, and the peicentago of 
leal butter picsent — 30 25. 


689. Koettstorfer’s Method of Detecting Foreign Fats m Butter.— 
This method depends upon the gieat difference between the molecular 
weights of certain fatty acids. This diffeicnce is made evident when the 
weight of potassium hydroxide which is lequiix k to saponify a given weight of 
the different fats is determined. 

The Koettstorfer “ sapomlioation value ” is the weight in milligrams 
of potassium hydroxide which is required for the complete saponification 
of 1 gram of the fat. 

The molecular weights of the fatty acids derivable from most natural 
fats are high and do not differ widely one fiom another, but the fatty acids 
present in butter are of comparatively low molecular weight since they con- 
tain not more than ten atoms of carbon in their molecules. 

Hence the saponifying power of a certain weight of butter will be greater 
than that of an equal weight of any other natural fat, and the saponifying 
power of equal weights of different samples of butter will be diminished by 
the presence of foreign fats in the butter-fat. 

The method founded on the above facts is simple and may be rapidly 
carried out. The solutions required are the following : 

(a) Alcoholic Solution of Potassium Hydrate . — About 35 grams of caustio 
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potash are dissolved in a litre of 94 per cent, alcohol. Since this solution is 
subject to change, it should bo prepared m small quantity only and should not 
be stored for any length of time. It must be titrated with standard acid 
each time it is used. 

(b) Seminormal Hydtorhlonc Acid Solution , made by diluting normal 
hydrochloric acid solution ( 290 ) with its own volume of water. 

(c) Phenol-'phthalein Solution : very dilute solution in alcohol ( 269 )* 

The Process of Estimation . — The butter is first clarified by fusion and 
filtration ( 686 , d). 

About 1 5 grams of this “ butter-fat ” are accurately weighed into a flask 
holding about 250 c c ; 25 c.c. of the potassium hydrate solution (a) are then 
added, and the contents of the flask are heated for about fifteen minutes under 
a reflux-condenser until the solution is perfectly clear. Complete saponifica- 
tion is thus effected. One cubic centimetre of the phenol-phthalein solution 
(C) is then added, and the free alkali is titrated with the hydrochloric acid 
solution (b) with as little oxposuro to air as possible. The change of colour to 
yellow sharply indicates the end of the reaction. 

Meanwhile 25 c.c. of the alcoholic potash solution (a) are treated in pre- 
cisely the same way as is described above, and are finally titrated with the 
standard acid. 

The diffeience between the number of c.c. of acid which have been required 
in these two titrations is taken as lcpresenting the volume of seminormal 
potassium hydrate solution, which has been neutralised by the fatty acids 
of the buttei-fat used in the experiment. This number of c.c. is multiplied 
by 0 028, in oidei to obtain the weight of potassium hydiate which has been 
neutralised by the buttei-fat. Fiom this result the “ Koettstorfer value,” 
or the number of milligrams of potassium hydrate which would be saponified 
by 1 gram of the butter-fat, is calculated. It will be seen that this number 
represents the parts of KOH required to saponify 1000 parts of butter-fat. 

When pure butter-fat is treated in this way, it gives a number between 
221*5 and 233. Both oleo-margarine and laid, the common adulterants of 
butter, give about 195*5. 

If the number which is yielded by a sample of butter-fat is below 221*5, 
the butter has been adulterated. 

The probable percentage amount of adulteration 

100 (227*25 - n) _ 1 OO J2 2T25 _ - n) =3 . 15 (227*25 - n), 

~~ 227 25 - 195 5 31*75 

where n is the number obtained from the sample analysed, 227*25 is the mean 
number for pure butter-fat, and 195*5 is the mean number for adulterant*. 
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Example — In a particular estimation, 1 70 grams of the butter-fat were used. 

The blank titration of 25 c c of the KHO solution required 20 4 c c. of the 
standard acid. 

The titration of 25 c c of the KHO solution, which had been heated with the 
butter-fat, requited 0 0 c c of the acid. 

Therefore the fatty acids wcie equivalent to 20 4 - 6*0 = 14 4 c c of senu- 
normal acid, and would therefoio neutralise 14 4 c c. of semmoimal 
KHO solution 

14 4 

One gram of the butter-fat would therefore neutralise = 8 18 c c of senn- 

nortnal KHO solution, which would contain 8 18 x 0 028 = 229 04 
milligrams of KHO 

And since 1 giam of pute butter-fat neutralises from 221 to 233 milligrams of 
KHO, the sample of butter under examination was not adulteiated with 
foicign fats 

690 Estimation of Rancidity in Butter.— A modification of the above 
method oilers a means of detei mining the degree of rancidity in butter, by estimat- 
ing the amount of free acid present in it Fiom 3 to 10 grams of the “ buttei- 
fat ” (686, d) are weighed into a flask of about 100 cc capacity. Some ether is 
then fieed fiom acidity, by adding first some phenol- phthalein solution (689, c), 
and then the alcoholic caustic potash solution (689, a) until the pink colour 1* just 
peiinancnt. This ether is shaken with the butter-fat 111 quantity sufficient to 
dissolve it. The acid in the butter-fat solution is then titrated with the alcoholic 
potash solution, the value of which has been ascertained by means of the semmoimal 
hydiochlono acid (689, b). 

The number of c.c. of scnu-normal potash solution required by 100 grams of 
palatable rancid butter -fat varies from 1 to 8, giving an average of 4 In excep- 
tional cases 15, 26, and even 41 6 c c. have been required, but this last number 
corresponds to an intolerable degree of rancidity. 


Parti \l Analysis of Beer, Wine, and SriiuTS. 

691 . The estimations which are usually made in the chemical examina- 
tion of a sample of beei aie those of alcohol, acidity, and of total solid matter 
in solution. 

The mtiogen piesent in the albuminoid matters may be determined by 
means of the Kjeldahl process ( 807 ) in the residue left on evaporation ; if the 
weight of nitrogen thus found is multiplied by 6*25 the approximate weight 
of albuminoids will be obtained. 

For excise pui poses it is necessary to asceitain the “ongmal gravity ” 
of the beer. This indicates the relative amount of solid matter which was 
in solution m the “ wort ” before it was fermented. 

In examining spirits it is usually only necessary to estimate the amount 
of alcohol present, in order to detect dilution with water. The estimation 
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of alcohol in spirits is simplified by the fact that they contain very little 
dissolved matter. In the case of beer and wine the presence of much dissolved 
matter renders distillation advisable, as is explained below ( 693 )- 

692. Estimation of the Alcohol in Spirits. — Take the specific 
gravity of the spirit at 15*5° C. (33-38). Then boil down a measured volume 
of the spirit to one-third to remove the alcohol. Cool the residue and make 
it up to its original volume with distilled water. Mix this liquid well, and 
then take its specific gravity at 15*5° C. The specific gravity which the spirit 
would possess, if it were deprived of its dissolved matter, can then be calculated 
by adding 1 to the specific gravity of the spirit, and subtracting from this 
the specific gravity which has been found for the diluted residue. From the 


Fig. 08. 



Alcohol Still for Beer or Wine. 


result thus obtained the proportion of alcohol in the spirit can be found by 
reference to the Alcohol Tables (985 986). 

Example. — A sample of brandy gave a specific gravity of 0*95528 ; the 
residue which was left after boiling down a measured volume of the brandy 
to one-third its volume was made up to its original volume with distilled water, 
and gave a specific gravity of 1 '00328. Hence the specific gravity of the 
brandy, if it were deprived of its dissolved solid matter, would be 1*95528 - 1*00328 
*= 0*95200. From the Alcohol Tables it is found that this specific gravity indicates 
the presence of 33 per cent, by weight of alcohol in the brandy. 

693. Estimation of the Alcohol in Beer and Wine.— A volume 
of about 750 c.o. of the liquid is freed from the greater part of the carbon 
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dioxide which is dissolved in it. For this purpose the liquid may either be 
filtered, or it may be “ tossed ” by pouring it backwards and forwards from 
some height out of one vessel into another. 

The liquid is then distilled in an ordinary flask attached to a condenser 
(IOl6), or in the special apparatus which is shown in Fig. 98. A vertical 
condenser with a glass spiral inner tube sealed into a broad glass jacket 
(Fig. 99) is now frequently used in place of the older metal still, shown in the 
preceding figure. 

The apparatus with metal condenser (Fig. 98) consists of a flask about a litre 
in capacity, upon the neck of which is cemented a brass tube bearing a screw- 
thread on its outside. This fits into a screw, which is on the interior of a brass 


FlO. 99. 



Alcohol still tor £eer or \\ inh. 


cap connected with the condensing-tube. A rubber washer, which is inserted 
between the top of the flask and the under surface of the cap, causes the connection 
of the flask with the condensing-tube to he perfectly air-tight when it is screwed up. 

In the centre of the figure is seen the metal condensing- box, and to the left 
the flask for receiving the distillate. A cork, pierced with two holes, is fitted into 
the neck of this flask. Through one hole passes the tube conveying the distillate ; 
into the other is fitted a doubly bent tube, the lower bend of which is closed 
by a globule of mercury in order to prevent the loss of alcohol vapour by diffusion. 
The cold water-supply for condensing the spirit, and the overflow of heated water, 
are conveyed by tubes which are seen at the back of the condenser 
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The Process of Estimation.— Measure 250 c.c. of the “ tossed ” liquid into 
the distillation-flask, and connect the flask with the condenser and receiver ; 
then heat the flask with the flame of an Argand burner, until it boils gently. 

When about two-thirds of the liquid have distilled over, transfer the 
distillate to a measuring- flask, make it up to the original volume of the liquid 
with distilled water, and mix well. Then take the specific gravity of this 
liquid at 15*5° C., either by direct weighing, or by means of a delicate hydro- 
meter (33-38). 

The amount of proof-spirit or of absolute alcohol, which is present in 
the liquid, may then be ascertained by reference to the Alcohol Tables (985, 
986) in which the specific gravity of water is taken as 1000. 

The residual liquid in the distillation-flask is allowed to cool ; it is then 
diluted to the original volume of 250 c.c., and its specific gravity is taken 
at 15*5° C. The number thus obtained is used in calculating the “ongmal 
gravity ” of the beer. 

694. Estimation of the “Original Gravity 0 of Beer.— As has 
been already explained, the “ original gravity ” of a beer is the gravity of 
the wort from which the beer has been prepared. 

During the process of fermentation of the wort, a portion of the saccharine 
matter is converted into alcohol with evolution of caibon dioxide. Conse- 
quently the beer has a lower specific gravity than the wort from which it has 
been brewed. 

In order to determine the original gravity of the wo*t, the alcohol is 
separated from the beer by distillation, and the specific gravity of the distillate 
is detei mined as is directed above (693). The gravity of the wort, which 
would be required to produce a liquid of this specific gravity, is then ascer- 
tained by reference to Table I. below, in which the degree of “ spirit indica- 
tion ” is the difference between 1000 and the specific gravity of the alcoholic 
distillate, the specific gravity ot water being taken as 1000. 

The number thus obtained is then added to the specific gravity of the 
liquid, which was produced by diluting the residue left in the distillation- 
flask (693) to 250 c.c. The resulting number represents the original specifio 
gravity of the wort. 

The acidity which has been produced during fermentation is estimated 
and allowed for as follows : 

The acidity of the tossea ocer is ascertained by titrating 100 c.c., or more 
correctly 100 grams, of the beer with seminormal sodium hydrate solution, 
using litmus-paper as an indicator. From this result the amount of acetic 
acid present is calculated, assuming that each c c. of the seminormal sodium 
hydrate solution corresponds to 0*03 gram of acetic acid ; 0*1 per cent. 
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which represents the average acidity of the unfermented wort, must be 
subtracted from the result thus obtained. 


Table I . — Spirit Indication , with corresponding Degrees of Gravity lost in 
Malt Worts by the “ Distillation Process 


I>e« ices of 
Spiiit 
Indication 

00 

0 l 

02 

03 

04 

0*5 

0 6 

07 

08 

0 9 

0 



03 

0 6 

09 

1 2 

1 5 

1 8 

2 1 

24 

27 

1 

3 0 

3*3 

37 

4 1 

44 

48 

5 l 

55 

5 9 

6 2 

2 

66 

70 

74 

78 

82 

86 

90 

94 

9 8 

10 2 

3 

10 7 

11 1 

11 5 

12 0 

124 

12 9 

133 

13 8 

14 2 

147 

4 

15 1 

15 5 

160 

16 4 

168 

17 3 

17 7 

182 

18 6 

19 1 

r> 

19 5 

19 9 

20 4 

20 9 

21*3 

21 8 

22 2 

22 7 

23 l 

23 6 

( \ 

24 1 

24 6 

25 0 

25 5 

26 0 

26 4 

26 9 

27 4 

27 8 

28 3 

7 

28 8 

29 2 

29 7 

30 2 

30 7 

31 2 

31 7 

32 2 

32 7 

33 2 

8 

33 7 

34 3 

34 8 

35 4 

35 9 

36*5 

37 0 

37 5 

38 0 

38 6 

9 

39 1 

39 7 

40 2 

40 7 

41 2 

41 7 

42 2 

42 7 

43 2 

43 7 

10 

44 2 

44 7 

45 1 

45 6 

46 0 

46 5 

47 0 

47 5 

48 0 

48 5 

11 

49 0 

49 6 

50 1 

50 6 

51 2 

51 7 

52 2 

52 7 

53 3 

53 8 

12 

54 3 

54 9 

55 4 

55 9 

56 4 

56 9 

57 4 

57 9 

58 4 

58 9 

13 

59 4 

60 0 

60 5 

61 1 

61 0 

G2 2 

62 7 

63 3 

63 8 

64 3 

14 

64 8 

65 4 

65 9 

66 5 

67 1 

67 6 

68 2 

68 7 

69 3 

69 9 

15 

70 5 

71 1 

71 7 

72 3 

72 9 

73 5 

74 1 

74 7 

75 3 

75 9 

10 

76 5 

— 

— 

— 

— 

— 

— 

— 

— 

— 


Table IT . — For Ascertaining the Value of the Acetic And. 


Excess per 
cent of 
Acetic \ei(l 
in the Heei 



Concspondmg 

Decrees of “ Spmt Indication 

- 


0 00 

0*01 

0 02 

0 03 

0 04 

0 05 

0 0G 

0 07 

0 08 

0 09 

00 


0 02 

0 04 

0 06 

0 07 

0 08 

0 09 

011 

0 12 

0 13 

0 1 

0 14 

0 15 

0 17 

0 18 

0 19 

021 

0 22 

0 23 

0 24 

0 26 

02 

0 27 

0 28 

0 29 

0 31 

0 ?2 

0 33 

0 34 

0 35 

0 37 

0 38 

03 

0 39 

0 40 

0 42 

0 43 

0 44 

0 46 

0 47 

0 48 

0 49 

0 51 

04 

0 52 

0 53 

0 55 

0 56 

0 57 

0 59 

0 60 

0 61 

0 62 

0 64 

05 

0 65 

0 66 

0 67 

0 69 

0 70 

0 71 

0 72 

0 73 

0 75 

0 76 

06 

0 77 

0 78 

0 80 

0 81 

0 82 

0 84 

0 85 

0 86 

0 87 

0 89 

07 

0 90 

0 91 

0 93 

j 0 94 

0 95 

0 97 

0 98 

0 99 

1 00 

1 02 

08 

1 03 

1 04 

1 05 

1 07 

1 08 

1 09 

1 10 

1 11 

1 13 

1 14 

09 

1 15 

1*16 

1 18 

1 19 

1 21 

1 22 

1 23 

1 25 

1 26 

1 28 

1 0 

1 29 

1 31 

1 33 

135 

1 36 

1 *>*T 

1 u« 

1 38 

1 40 

1 41 

1 42 


The following statement illustrates the method of calculating the “ oiigmal 
gravity ” of a samplo of beer : 
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Example. — If the specific gravity of water bo taken as 1000, the gravity of 
the distillate will be less than 1000 ; suppose it to bo 989 33. This number is 
deducted from 1000 and furnishes the “ spmt indication,’* which m this ease is 

10 67. On referring to Table I. it will be seen that the corresponding number 
is 47 35. This represents the number of degiees of gravity which weie lost m tho 
production of the spirit duung tho fermentation of the woit 

If the specific gravity of tho diluted residue from tho distillation was 1023 42, 
and no acid was detected in the beer, the original gravity of tho beer would bo 
1023 42 + 47*35 = 1070 77. 

Suppose however that the acidity was such that 100 grams of tho beer required 

11 co of semi-normal NaHO for neutralisation; then tho percentage of acid, 
calculated as acetic acid, would be 1 1 x 0 03 — 0 33. But the average percentage 
of acidity in unfermented woit amounts to 0 1 per cent , theieforo only 0 23 of 
the acid will be duo to oxidation of the alcohol Referring to Table II , it is seen 
that tho spirit indication corresponding to 0 23 of acid is 0 31, therefoio the total 
spirit indication will bo 10 67 + 0 31 =* 10 98. On referring to Table I it will 
be seen that the giavity lost by the formation of alcohol in the beei conespondmg 
to this number is 48 9. Hence the ouginal giavity’ would bo 1023 42 -f 48 9 = 
1072*32. 

695 , Estimation of Salt in Beer.— Sodium chloudo is a normal 
constituent of beer and its aveiage amount is about 50 grains per gallon; 
it is rarely added as an adulterant. Its amount may be found as follows : 

Evaporate 25 c.c. of tho beer to dryness in a platinum dish with 0*1 giam 
of pure calcium hydroxide, and ignite tho residue gently over an Argand 
burner ( 95 ) until a grey ash romains. Triturate this residue in tho dish with 
a little boiling water and heat on tho water-bath for half an hour. Then 
transfer the whole with the washings to a 100 c.c. flask, make up to 100 c.c., 
shake well and allow tho liquid to clear by settling. 

Add a few drops of phenol-phthalein solution to 50 c.c. of the clear liquid 
and neutralise it with decinoimal nitnc acid, leaving only a faint pink colour 
in the liquid. Now add a few drops of potassium chromate solution and 
estimate the chlorido by titration with standaid silver nitrate solution ( 373 )» 

The weight of salt is stated as grains per gallon, that is as parts per 70,000. 


Analysis of Sugar. 

In the chemical examination of sugar, tho estimations usually made 
are those of moisture, ash, cane-sugar, and invert-sugar or glucose. Moist 
brown sugar will be found the most suitable kind of sugar to use for prac- 
tice in the methods of analysis. 

696. Estimation of Moisture. — Weigh out accurately about 4 grams 
of the sugar in the watch-glasses with clip and heat thism tho steam-oven 
until its weight becomes constant. 


23 
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697. Estimation of Ash. — Transfer the dried sugar (696), little by 
little, to a platinum crucible ; and incinerate each part, as it is added, at as 
low a temperature as possible. The mass will fuse and swell as the heating 
prooecds, and oare must be takon that it is not allowed to pass over the edge 
of the crucible. 

When the charred mass has assumed the appearance of coke, gently stir 
it from time to time with a thick platinum wire or spatula, or with a thin glass 
rod, so as to assist the oombustion of the carbon ; adding finely powdered 
ammonium nitrate, if necessary, in order to facilitate the process. As soon 
as the ash is free from black particles, allow the crucible to cool, and weigh 
the ash* 

698. Estimation of the Sugar. — The process which is described 
below doponds upon a chemical reaction. It should be stated, however, 
that the most accurate estimation of sugar is made by means of the polari- 
scope. 

Before the cane-sugar, C^zz^iv ^ estimated chemically, it is usually 
converted into glucose, C 6 H 12 0 6 , by digesting it with a dilute acid 3 
^12-^22^11 HjO = "CjHjjOj. 

The glucoso is then estimated by heating it with an alkaline solution of 
copper, known as Fchling solution. The blue colour of this solution disappears 
during the reaction, while red cuprous oxide is precipitated. The process 
is sometimes made a volumetric one, by adding the sugar solution in quantity 
just sufficient to remove the blue colour and to completely precipitate the 
copper from the Fehling solution (700). Another method consists in causing 
the sugar to act upon an excess of Fehling solution, and then either weighing 
the Cu a O as such, or after oxidation to CuO or reduction to Cu (702). 

Allowance must be made, in calculating the result, for tho increase in 
weight which the cane-sugar has undergone by its hydrolysis, which involves 
combination with the elements of water. 

In practice the glucose which was originally present in the sugar is first 
estimated. The total amount of glucose, including that derived from the 
conversion of cane-sugar and that which was originally present m the sugar, 
is thon determined. Tho difference between these two estimations gives the 
amount of glucose which has been derived from the conversion of the cane- 
sugar* 

Precautions —It should be noted that solutions containing about 0*25 per 
cent, of glucose givo tho most consistent and accurate results in this process of 
estimation. If tho preliminary analyses show that tho solution is much weaker 
or much stronger than this, tho amount of sugar in solution should be altered 
accordingly. 

Estimations of sugar by the Fchling solution only yield constant results, or 
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become comparable with one another, when the process is earned out undei 
precisely similar conditions ; lienee it is necessary that the Folding solution should 
be standardised under exactly the samo conditions as those under which the estima- 
tions are made. It must also bo remembeied that the icducmg poweis of vauous 
kinds of sugar are different even if the conditions of estimation lemain the 
same. Thus, taking the reducing value of dextrose as 100, the value of the 
reducing power as determined by expci nnent of lovulose and inveit sugar aie 
respectively, 

Dextrose ........ 100 0 

Levulose . . . . . . . . 93 5 

Invert sugar 96 8 

the above numbers being based on the usual amount of each sugar, from 0 15 to 0 2 
gram, being employed for the determination. 

It is evident therefore that in accuiato analyses the values of the Folding 
solution must bo adjusted to agiee with the abovo results. 

Air should be excluded throughout tho process else some cuprous oxide may 
be redissolved. 

699. Preparation of the Fehling Solution. — Weigh out 69 28 grams 
of pure reciystallised copper sulphato and dissolve this in water, adding 
a few drops of H 2 S0 4 if the solution is not peifectly clear. Add to this 
a solution containing 350 grams of Rochelle salt and 100 giams of sodium 
hydrate, and make the mixed solutions up to a litio. Use 25 c.c. of this 
Fehling solution for each estimation. 

The Fehling solution, as thus prepared, gradually undergoes chemical 
change and alteis m strength when it is kept. This change may be obviated 
by dissolving the coppei sulphate in a hti c of water, and di&soh ing the Rochelle 
salt and the sodium hydrate in another litre of water. These liquids are kept 
in separate bottles, and 25 c.c. of each of the solutions are mixed together 
immediately before they are used. 

As a rule 25 c.c. of the original Fehling solution, or 50 c.c. of the mixed 
solutions, correspond to 0 25 giam of dextrose ; but it is always necessary 
to standardise the solution in older to ascertain its exact sugar-valuo, unless 
one of the giavimctnc methods described m paragiaph 702 is used. 

700 . Standardisation of the Fehling Solution.— In order to standardise 
the solution, weigh out 5 grams of pure crystallised cane-sugar. Place 
it m a flask with about 100 c.c. of water and 10 c.c. of strong hydro- 
chloric acid, and heat to 70° C. for ten minutes in order to convert the cane- 
sugar into glucose. Then neutralise the cold liquid with sodium hydrate 
solution, and make it up to 500 c.c. with distilled water. 

Now All a burette to the zero mark with this sugar solution, and measure 
25 c.c. of the Fehling solution into a 500 c.c. conical flask ; or, if the copper 
and caustic soda solutions are kept in separate bottles, mix together 25 c.c. 
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of each of them in the flask. Make up the Fchlmg solution to 200 c.o. with 
water, boat it to boiling, and add the sugar solution from the burette in 
portions of about 5 c.c., heating the liquid by immersing the flask in boiling 
wator for two minutes after the addition of each portion of the sugar solution. 
As soon as the deep blue colour of the copper solution begins to fade, add the 
sugar solution cautiously while still heating the liquid, and place the flask 
upon a white surface in order to judge the colour. 

As the final disappearance of the blue colour approaches, the red precipi- 
tate of Cu 2 0 somewhat obscures the colour of the copper solution. If, how- 
ever, a few seconds are allowed for the subsidence of the precipitate, and the 
flask is slightly tilted, the colour of the solution will bo readily seen. 

The exact point of complete precipitation of the copper is readily ascer- 
tained, oven if the liquid is coloured by the precipitate, by placing two drops 
of it upon a white tile by means of a glass rod, and adding to one of them a drop 
of potassium ferrocyanide solution which has been mixed with about thirty 
times its volume of acetic acid diluted with six times its volume of water. 
If any copper is still present in the solution, the colour of the drop will become 
more brown. The cautious addition of the sugar solution, followed by boiling, 
must bo continued until this coloration is not produced by the ferrocyanide, 
and the two drops remain of the same tint. 

Now ascertain the strength of the Fehling solution with greater accuracy 
by repeating the titration, and adding nearly the whole of the requisite 
quantity of the sugar solution at once within about half a c.c. Heat the 
liquid in boiling water for two minutes, and finally add the sugar solution 
very cautiously to this, heating again after each addition. Two such titra- 
tions should not differ by more than one-fifth of a c.c. It is necessary to 
carry out this final titration rapidly, in order to minimise the oxidation which 
occurs by contact with the air ; and it is always preferable, if great accuracy 
is roquired, to arrange for a final titration, in which practically the whole of 
the sugar solution is added at ouco. 

The strength of the solution is stated in terms of glucose. 

The whole opeiation may bo conducted while the liquid is kept boiling in a 
flask closed by a doubly poiforatcd cork, the delivery-jet of the burette passing 
thiough one perforation of the coik, and a tube with a Bunsen valve (Fig. 85, 
pago 105) in the other perforation permitting the escape of the steam. Oxidation 
is thus easily and entirely prevented. 

701. Estimation of the “Invert Sugar/' or Glucose, originally 
present in the Sugar. — Dissolve 10 grams of the sugar in water, 
make the solution up to 200 c.c., and fill a burette to zero with this solution. 
Then measure out either 25 c.c. of the Fehling solution, or 25 c.c. of each of 
the osparato solutions (699) into a flask, dilute to 200 c.c., and proceed 
to add the sugar solution to the Fehling solution (700). 
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If the amount of glucose present is veiy small, only 5 c.c. of Felihng 
solution, or 10 c.c. of the mixed solutions, should bo used, the precautions 
on page 354 being duly observed. 

The percentage weight of glucose present in the sugar can bo readily 
calculated from the result thus obtained, since the glucose-value of the 
Fchhng solution is known. 

702 Gravimetric Methods — Instead of titrating the sugar, its amount may be 
estimated by adding tho Fehlmg solution in excess to a portion of the sugar solution 
containing not more than 0 25 gram of glucose, and then boating the liquid m boiling 
water for ten minutes and filtering. Tho cuprous oxide is then weighed as such 

(1), or it is reducod to metallic copper by heating it in a stream of diy hydrogen 
and tho copper is weighed (2), or the cuprous oxide is oxidised and weighed as cupuo 
oxide (3). The process of weighing as cuprous oxide is tho most rapid one of these 
three. 

Tho analyst should first determine the lclation between the weight of sugar 
and tho weight of cuprous oxido which it can precipitate This will mvolvo making 
pielmunaiy cxpci iments on the process with a known weight ot pmc cane-sugar 
which has been inverted. The geneially accepted factois lor dextiose, lcvulose, 
or galactose are 0 5045 for Cu 2 0 ; 0 4535 for CuO ; and 0 5034 for Cu The 
result of tho determination when multiplied by tho appropnatc factor should give 
the corresponding weight of glucose, but these factois vaiy somewhat with 
differences in manipulation and are thciefoio best determined by each analyst. 

In carrying out this gravimetric method, 30 c c of tho copper solution are 
mixed with 30 c c of the taitiato solution (699) aiul with 00 c c of watei 111 a beakei , 
and this liquid is heated by immeising tho beakei 111 boiling water Twenty-live c c. 
of the sugar solution, which must not contain more than 0 25 giam of glucose, 
are then heated to boiling and added to tho liquid in the beakei, and tho beaker 
is heated m tho boiling water for ten minutes longer. The liquid is then quickly 
filtered through a weighed asbestos filter ( Note ), using the iiltei-pump (80), tho 
cupious oxide is well washed on the filtei with boiling watei, and is cither weighed 
as such (1), or after reduction (2) or oxidation (3) 

(1) If the cupious oxide is to bo weighed as such, it is washed at once with 
alcohol, then with ether, and is finally dncd 111 the steam-oven and weighed 111 the 
filter-tube. 

(2) If the cuprous oxide is to be reduced, t is treated as above (1) but is 
finally heated in the filter- tube in a sti earn of diy hydiogen or of coal-gas, and the 
residual copper is allowed to cool in a stieam of the gas and is weighed 111 tho tube. 

(3) If the cuprous oxide is to be oxidised, it is heated in the filter-tube 111 a 
stream of air or of oxygon before it is weighed. 

Note . — The asbestos filter is pieparcd in a hard glass tube (Fig 80, p 259) by 
passing down to the bottom of the broader pai t a tightly fitting disc of fine platinum 
gauze, or a disc of platinum foil which has been perfoiated by a pin or needle all 
over its surface. Some asbestos is broken up into a creamy mass m water, and is 
poured into tho tube after it has been connected with the tilter-pump. A felted 
layer of asbestos, about 0 5 cm. thick, is thus formed on tho platinum. Tho 
asbestos-film is treated successively with dilute acid and with caustic alkali 
solution. It is then well washed with hot water, with a little alcohol, and 
finally with a little ether; the tube and filter aic then dried in the steam-oven 
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and weighed. An ordinary filter-paper always retains some copper derived fiom 
the solution. 

703. Estimation of the Cane-sugar. —Weigh out 1 gram of the 
cane-sugar accuiately, and dissolve it in water in a flask. Dilute the solution 
to about 100 c.c. with distilled water, and add 2 c c. of stiong hydrochloric 
acid. Then heat the liquid to 70° C. for ten minutes, neutralise it, filter if 
necessary, make it up to 200 c c., and estimate the glucose by means of the 
Folding solution, as is desciibcd above (7OO, 70*)* 

By subtracting the peicentage of glucose alicady found (701) from the 
percentage calculated from the present estimation, the percentage of glucose 
derived from the cane-sugar is obtained. 

From this the percentage weight of cane-sugar can be calculated. For 
since the relative weights of cane-sugar, and of the glucose which it furnishes 
by inversion, are as 342 : 360, it follows that, if the weight of the glucose found 
3t2 

is multiplied by or by 0 9.5, the weight of the cane-sugar fiom which the 
glucose has been deiived w ill be obtained. 

An Alternative Method is to add a measured volume of the inveited solution 
containing less than 0 25 gram of sugar to the Folding solution, and to weigh the 
precipitated cuprous oxide as is described in paragraph 70 2. 


Example —In a volumetuc estimation of the amount of glucose and cane 
sugar in a sample of moist sugar, the following results were obtained : 

For the estimation of tho ongmal Inveit Sugar 10 grams of the sugar were 
dissolved m water, and the solution was made up to 200 c c. 

Twcnty-fivo c c of Folding solution, equal to 0 25 giam of glucose, requned 
00 c.c. of tho sugar solution. 


Ucncc tho percentage of tho invert sugar = 


200 x 100 x 
10 x 60 


0 25 

= 8 33 


For the estimation of the Total Sugai, the solution of 2 giams of the sugar waa 
inverted, then ncutialised and made up to 200 c c. 

Twenty-five 0 c. of Folding solution requned 27 5 c c. of this sugar solution 

200 x 100 x 0 25 

Therefore tho total percentage of sugar, as glucose, = r — == 


00 91. 


Hcnco tho percentage of glucose equivalent to the cane-sugar = 90 91 - 8 33 = 
82 58 ; and the percentage of cane-sugar «= 82 58 x 0 95 ac 78 45. 


Partial Analysis of Tea, 

The value of tea depends upon its natural quality, and upon its 
freedom fiom adulteration. Tho following estimations should be made in 
Older to ouablc a judgment to be formed on these points 3 
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704 * Estimation of Water. — Weigh out accurately about 3 grams 
of the powdered tea in the watch-glasses with clip, and heat this in the steam- 
oven until its weight is constant, 

705 . Estimation of Ash. — Incinerate the dried tea ( 704 ), little by 
little, m a weighed platinum capsule or crucible (Fig. 57, page 57) at as low 
a temperature as possible, and weigh the ash. The total amount of ash thus 
obtained should not exceed G per cent. 

Now add water to the ash and boil ; then filter, and wash, dry, ignite 
and weigh the residue. 

From these two determinations, the relation between the soluble and the 
insoluble matter in the ash may be calculated. This relation furnishes a 
valuable indication of the adulteration of tea with spent tea-leaves, sinco 
fresh tea-leaves contain a laige proportion of soluble mineral matter, and 
this is dissolved out of the leaf during the “ mashing.” The ash of fresh tea- 
leaf always contains moie than 50 per cent, of soluble matter, 

706 . Estimation of Tannin. — Extiact about 10 grams of the tea by 
boiling it repeatedly with fiesli portions of water. Make up the clear extract 
to a litre, and estimate the tannin which it contains as is described under 
the assay of sumach ( 713 )* Tim amount of tannin usually varies from 12 per 
cent, in black tea to 18 per cent, in green tea, but higher proportions occur 
in tea from certain souices, 

707 . Estimation of Theine.— The value of tea depends largely upon 
the amount of theme which it contains. Proceed to estimate the theine as 
follows : 

Extract 5 grams of the tea with successive small portions of boiling water, 
allowing ten minute sfor each “ mashing,” and mix these extracts. A Soxhlet 
extractor ( 671 ) ma Y be used for the extraction. Dilute the liquid with water 
to 600 c.c., heat, add about 4 grams of powdered lead acetate, and boil the 
liquid with a reflux- condenser for ten minutes. Filter off 500 c.c. through a 
dry filter, evaporate to about 50 c.c., add a little sodium phosphate solution, 
and filter. Transfer the filtered liquid to a small flask, add chloroform, 
connect the flask with a reflux-condenser, and extract for two hours. 

Then separate the chloroform solution, pour it through a dry filter into 
a tared flask, and wash the residue with a little fresh chloroform. Distil off 
the chloroform, dry the residue at 100° to 106° C., and weigh the resulting 
theine. The amount of theine may vary from I to 3 per cent, according to 
the variety of the tea. 
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Valuation of Tanning Materials. 

708. The exact estimation of tannin in natural tanning matoiials is 
complicated by the fact that there is often present in the same substance a 
mixture of different tannins. Those are also always accompanied by other 
bodies which affect the accuracy of the determination. Probably no process 
of estimation gives results of scientific accuiacy, but two methods which are 
employed for technical purposes are described below. The first is a gravi- 
metric method, the second volumctnc. 

One of these methods (711) depends upon causing the tannin, which is 
contained in the water-extract of a known weight of tho tanning material, 
to combine with hide-powder which has undeigone a preliminary ticatment 
of “chroming” The loss of weight, which the dissolved matcnal suffeis, 
gives tho weight of the tannin. It is necessary for this puipose to ovaporato 
a portion of tho extract or infusion of tho tanning substance and ascertain 
tho total amount of matter in solution : then to remove by lnde-powdcr 
tho tannin from another portion of tho extract and again determine the 
matter in solution : tho loss of weight caused by the removal of tannin is 
thus lound and the amount of the tannin is estimated. 

Thus four samples of oak-wood furnished the following results : 


Pei ccn tage of 

A 

B 

C 

D 

Total solublo matter 

41 3 

3 r > 0 

37 8 

38 l 

Soluble 11011 -tanning matter 

11 1 

47 

14 0 

48 

Soluble tanning matter 

27 2 

30 3 

23 8 

33 3 


Tins method is the moio suitable one for the tanner, since it dncctly 
estimates the amount of tannin which is concerned in tanning a skin. It is 
generally adopted for tho valuation of tanning matoiials. 

Tho other method (712)1 proposed by Lowcntlial, estimates the tannin by 
its deoxidising effect upon standard potassium permanganate solution under 
suitable conditions. It is now mainly employed for the control of tannery 
liquors. 

709. The Procter Extractor, which is used for extracting solid tanning 
materials with water, is shown in Fig. 100 . Tho beaker (B) is used as the 
cxti acting-vessel. A common thistle-funnel (C), with its stem bent twice 
at light angles, serves as a siphon to draw off tho extract; the mouth of the 
funnel has muslin tied over it and is placed on the bottom of the beaker, 
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and the funnel is held in position by a clamp. A 1*5 cm. layor of sand, 
which has been purified by tieatment with hydrochloric acid, is then poured 
upon the bottom of the beaker so as to cover the mouth of the funnel, and 
the prcpaicd and dried tanning matenal is mixed with 
the water in which it is to be digested and is pouiod 
upon the sand. 

After the digestion with water has continued for 
some houis, cither at tlio oidinaiy temperatuio, or at 
ahighor temperature which is socuiod by immersing 
the beaker in the watci-bath, the extract is siphoned 
ovor. 

This is accomplished by attaching to the shoi ter 
aim of the funnel a nanow glass tube about 15 cm. 
long, connecting it by means of a short piece of nauow 
rubber tube piovided with a pinch clamp (A). The 
tube is filled by suction, and thccloai extract is allowed 
to drop into a flask as it is siphoned ovei. The ex- 
traction of the tanning matenal is finished by pouting 
successive quantities of ficsli w f atci into the beaker 
and siphoning them over. The piocess may be con- 
sidered to be completed when the water is no longer 
coloured. 

710. General Directions for the Preparation 
of the Extract or Solution.— The tanning matenal 
is either supplied in its natuial state , 01 the solid b matter which lias been 
alicady cxtiacted by watei is supplied as a liquid extiact, or as a “solid 
cxtiact,” which is the solid losiduc lemaining aflci the w at ci -cxtiact has 
been cvapoiatcd. 

The infusion of the tanning matciial, which is to be used for the hide- 
powdei piocess, must contain as neaily as possible 4 giams of tanning matter 
pei litie, and not less than 3 *5 or moie than 4 5 giams. The weights of 
dificicnt tanning matciials to be extracted by a litie of water, or diluted to a 
htic, in 01 dei to obtain an infusion of suitable stiength. are tabulated below : 


Barks, &c. Extracts. 

Grams Giams, 


Algarobilla 


8-9 

Oak-wood, sp gt 1 2 01 over 

16 

Canaigre . 

• 

. 15-18 

Chestnut (liquid) . . 

14 

Divi-divi . 

• 

9 

Chestnut (solid) , , 

7 

Hemlock- bark 

. 

. 32-30 

Qucbtacho (solid) . . 

6 

Mimosa-bark 

. 

. 11 

Quebracho (liquid) 

9-13 

Myrobalans 


15 

1 Mimosa 1). 

10-12 

Oak-bark 

• 

. 30-36 

1 Gambler (block) 

12-14 


Fio. 100. 



The Procter 
Extractor. 
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Barks, &c. 


Oak-wood 


Grams. 

50-100 

Quebracho-wood 


20-22 

Sumach • 


15-16 

Pistacia lentiscus 


20-22 

Pine-baik 


32 

Willow-bark 


36 

Chestnut-wood . 


45 

Mangrove-baik 


10 

Valonia 


14-15 

Valonia-beard . 


10-11 

Spent tans 


50-100 


Extracts. 

Grams. 

Gambier (cube) 

7 

Mangrove (liquid) 

9 

Mangrove (solid) 

7 

Cutch • 

7 

Myrobalans (liquid) 

16 

Hemlock . 

10-14 

Pine-bark 

16 


A Natural Solid Tanning Material must first be well sampled (55) 
and then suitably broken up and ground until it will pass through a wire sieve 
of 5 strands per centimetre. The soluble matter is then removed from a suitable 
weight (see Table above) in a Procter cxtiactor (Fig. 100, page 361) by treat- 
ment with 500 c.c. of water at a temperature not exceeding 50° C., and the 
extraction is continued with boiling water until the filtiato amounts to a litre. 
The best temperature for extraction differs materially with different samples. 
When this temperature is not known, it is generally best to begin at about 
35° C. and then to raiso the temperature to 100° as the operation proceeds. 
It is dosirable to allow the mateiial to soak for some hours before the percola- 
tion commences, and the percolation should occupy not less than three hours 
in order to extract the maximum amount of tannin. Any soluble matter 
remaining in the material is neglected, or is reported separately as “ difficultly 
soluble ” matter. The volume of cold liquid in the flask is made up 
accurately to a litie. 

A Liquid Extract is weighed in a basin or beaker and is washed with 
boiling distilled water into a litre flask ; the liquid is then filled up to the mark 
with boiling water, is well mixed, and is then lapidly cooled to a temperature 
of 17*5° C. ; after which it is accurately made up to the mark, again well 
mixed, and then filtered if necessary as is directed below. Sumach and 
myrobalans extracts should be dissolved at a lower temperature. 

A Solid Extract is dissolved by stirring it in a beaker with succes- 
sive quantities of boiling water, the dissolved portions being poured into 
a litre flask and the undissolvcd matter being allowed to settle and being 
then treated with further portions of boiling water. After the whole of the 
soluble matter is dissolved the solution is treated similarly to that of a liquid 
extract. 

Filtration. — Solutions of tanning materials, whether they are made 
from the original substance or from extracts, frequently become turbid on 
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cooling even if they were clear while hot, and they will then require careful 
filtration. This is usually effected by passing the liquid through a special 
Berkefeld candle arranged in connection with a vacuum-pump. After the 
vacuum has been formed in the flask, the connection between it and the 
pump must be closed in order to avoid loss of liquid by evaporation. At least 
200 to 300 c.c. of the first part of the filtrate should bo rejected, and more 
if necessary, in order to obtain an absolutely clear and brilliant filtrate. 
The infusion must be filtered repeatedly if necessary until it is optically 
clear ; it must not be merely transparent, but must show no opalescence 
when the vessel is placed on black paper in a good light. 

Part of the filtered infusion is reserved for evaporation (Note) and another 
part is subjected to treatment with the chromed hide-powder. 

Note . — If it is desired to estimate the total solids and indirectly the moisture in an 
extract, and the solution obtained is of uniform turbidity, it is frequently convenient 
to draw off 50 c c. of the well-mixed and unfiltered solution with a pipette, 
place it in a basin, and then determine the total solids by evaporation and drying. 

Correction for Absorption of Tanmn-maitcr by the Filter is not needed for the 
Berkefeld candle, or for the Schleicher and Schull No. 590 filter- paper, if from 250 
to 300 c.c. are rejected before the portion is collected for the evaporation. But 
if other methods of filtration are employed the average correction necessary is 
determined m the following manner : 

About 500 c c. of the same or a similar tanning solution are filtered until they 
are perfectly clear, and 50 c.c. of the well-mixed filtrate are evaporated to deter- 
mine “ total soluble No 1.” A further portion is now filtered, the tune of contact 
with the filter and the volume at first rejected being the same as in an actuae 
filtration, and 50 c c are evaporated to determine “ total soluble No. 2.” The 
difference between Nos. 1 and 2 is the correction sought, and this must be added 
to the weight of soluble matter found in an estimation. 

An alternative method for determining the correction, which is as accurate 
and often more convenient, consists in filteimg a portion of the tanning solution 
through the Beikcfeld candle until it is optically clear, which can generally be 
accomplished by rejcctmg from 200 to 400 cc. and returning the remaining filtrate 
repeatedly. 50 c.c. of this filtrate and 50 c c. of the clear filtrate obtained by the 
method for which collection is required arc then sepaiately evaporated : the differ- 
ence between the weights of the two dried residues will be the collection sought. 

An average correction should be obtained from at least five determinations. 
It will be found that this is approximately constant for all materials, and amounts 
to about 5 milligrams per 50 c.c. in the case of Schleicher and Schull’s No. 605 
filter-paper when the first 150 c c of the filtrate have been rejected, and to 7*5 
milligrams when 2 grams of kaolin arc employed in addition for clarification. 
The kaolin should have been previously washed with 75 c c. of the same liquor, 
which has been allowed to stand for fifteen minutes and has then been poured off. 

Preparation of the Hide-powder by “Chroming.”— The hide- 
powder should bo of woolly texture, and should be thoroughly delimed by 
treatment with hydrochlonc acid. After this treatment not more than 5 
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c.c. or less than 2*5 c.c. of docinormal solution of NaOH or KOH should be 
required to produce a permanent pink colour with phenol-phthalein when 
6*5 grams of the dry powder are suspended in water. If the remaining 
acidity does not fall within these limits, it must be i educed before “ chroming ” 
jy soaking the powder for twenty minutes in fiom ten to twelve times its 
weight of water, to which the requisite calculated quantity of standard 
alkali has been added. 

The hide-powder must not swell during the “ chroming ” process to such 
an extent as to lender difficult the necessary squeezing in a press which is 
described below, and it must be sufficiently fieo from soluble oiganic matter 
to render it possible to reduce the total soluble matter by ordinary washing 
with distilled water below 5 milligrams per 100 c.c. in a blank experiment. 

The moisture in the air-dried powder is determined if necessaiy, and the 
weight of powder corresponding to 0*5 giams of the diy hide-powder is then 
calculated : this will remain practically constant if the powder is kept in an 
an -tight vessel. Any multiple of this quantity is taken according to the 
number of analyses to bo mado, and is wetted with approximately ten times 
its weight of distilled water. Two grams per bundled of dry powdered 
crystallised chromic chloride (Cr.Cl 3 .6H 2 0) aie now dissolved in water, and 
arc made basic by the giadual addition of 11*25 c.c. of noimal sodium carbonate 
solution containing 0 6 gram of Na 2 C0 3 : this makes the compound 
concspond to the formula Cr 2 Cl 3 (OH) 3 . The solution is now added to 
tho powder and the whole is mixed by churning it slowly for an hour. 

In laboratories where analyses are continually being mado, it is more con- 
venient to koep a 10 pei cent stock-solution of the chiommg liquid This is mado 
by dissolving 100 grams of CiClj GlI a O m a little distilled water in a litre flask, 
adding very slowly a solution containing 30 giams of anhydious sodium caibonato 
with constant Stirling, and finally making up to tho mark with distilled water and 
mixing well. 20 c c. of this solution should bo used per 100 giams, oi 1 3 c.c. 
por 6 5 grams of tho diy powder. 

At tho end of an hour the povuler is squeezed in linen to fieo it as far as 
possible from tho residual liquor, and it is then washed repeatedly with distilled 
water and squeezed, until tho addition to 50 c.c. of the last filtrate of a 
drop of 10 per cent. K a Cr0 4 solution and two drops of dccinormal AgN0 8 
solution produces a buck-red coloration. Four or five squeezings are 
usually sufficient, but moro may be necessary. Such a filtrate cannot 
contain moro than 0*001 gram of NaCl in 100 c.c. The powder is then 
squeezed in a press until it contains from 70 to 75 per cent, of water, and 
the wholo is weighod. 

71 1 . The Process of Estimation. — The detannisation of part of the 
tannin extract is effected by weighing out a quantity (Q) of the chromed 
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powder which contains 6*5 grams of the diy powder ; this is added 
immediately (Note) to 100 c.c. of the unfilteied tannin infusion, together 
with 20*5 - Q grams of distilled water, and 1 gram of kaolin fieed from soluble 
matter. The whole is agitated for fifteen minutes in a ooikod bottle, which 
is caused to rotate not less than GO i evolutions per minute, and the contents 
are then squeezed immediately through linen, stiired, and filtered through a 
folded filter of sufficient size to hold the entiio filtrate : the filtrate is leturned 
to the filter until it is clear, and 60 c.c. are then evapoiated and reckoned as 
60 c.c., and the weight of the dried residue is asceitained. Another 60 c.c. 
of the oiiginal extract is then similarly evaporated and the weight of the 
dried residue is ascertained. 

These evapoiations are rapidly carried to dryness at steam- temperature 
in flat-bottomed porcelain, Jena glass, or platinum basins of not less than 
6 6 cm. diameter ; and the lesidue is subsequently dried at fiom 08° to 100° 
in vacuo, or in a water- or steam-oven with small compartments, until it is 
of constant weight ; it is subsequently cooled in a small air-tight desiccator 
over dry calcium chlonde for at least twenty minutes. Not mDio than two 
basins are placed in one desiccator, and the basins must not bo wiped after 
removal from the desiccator. Tho basins must bo weighed rapidly to avoid 
absorption of moistuie. As has been already stated (708) tho difference 
in weight between these two residues is the weight of tanning matter present 
in the volume of extract taken, and fiom this the percentage weight of tanning 
matter in the sample can bo calculated. 

The Analysis of Used LiquorB and of Spent Tans should bo mado by tho same 
methods as are employed for fresh tanning matcnals, the liquois or infusions being 
either diluted, or concentrated by boiling in vacuo or m a vessel so closed as to 
restrict access of air, until the amount of “ tanning matter** is if possible between 3 5 
and 4 5 grams per litre, but in no case must tho amount of “ total solids ” present 
exceed 10 grams per litre Tho weight of lnde-powder to bo used is 6 5 giams. 

Note . — Tho moist hide-powder should not bo kept for moio than a few hours 
before it is used, without special precautions. Tho non- tannin filtiato must give 
no turbidity when it is mixed with a diop of solution containing 1 per cent of 
gelatin and 10 per cent, of salt. 

712. The Lowenthal or Permanganate Method.— This method can 
only bo used for the estimation of tho relative tanning-value of different 
specimens of the same tanning material ; it is useless for comparing the 
relative tanning- values of different kinds of tanning mateiials. 

The principles upon which the method depends, are the following 5 

Solution of potassium permanganate is readily reduced by solution of 
tannin, and the relative reducing powers of the different varieties of tannin 
have been determined. Accordingly if the tannin could be extracted from 
the various tanning materials, unaccompanied by other oxidisable matter, 
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its amount could bo readily estimated by titrating the extract with standard 
permanganate solution. 

But an extract of a tanning mateiial invariably contains other substances, 
besides tannin, which reduce permanganate. Hence it becomes necessaiy 
to titrate a portion of the extract with permanganate, and then to titrate 
in a similar way a second poition of the extract from which the tannin has 
been removed. The difference between the volumes of permanganate solution 
which are required in the two titrations represents the volume of the perman- 
ganate solution which has been required for the oxidation of the tannin. 

In order to limit and make definite the oxidising action of the peiman- 
ganate on the oxidisable matter, a known volume of indigo-carmine solution 
is added, and the permanganate solution is added to the extract until the 
blue colour of the liquid changes to a clear yellow. 

The following solutions and other chemicals are required for the Lowcnthal 
process : 

(a) Standard Potassium Permanganate Solution . — Half a gram of pure 
permanganate crystals is dissolved in water and the solution is made up to 
a litre ; but if many filiations have to be made, it is better to dilute 100 c.c. 
of a solution containing 5 grams per litre when it is requiied, since v»eak 
permanganate solutions undergo change when they are kept. 

The actual tannin-value of the permanganate solution is then determined, 
if necossary, by titrating with it a solution of pure tannin, under exactly 
the same conditions as those under which the extract of the tanning material 
is to bo subsequently titrated (713). 

For this purpose the amount of moisture present in 1 gram of puie tannin 
is estimated by drying it at 100° C. ,* two grams of the undried tannin are then 
dissolved in water and the solution is made up to a litie, and this solution is 
used for the titration with the peimanganato. 

Assuming that the sample of tannin contains 8G 8 per cent of dry tannin, the 
2 grams of tannin will contain 2 x 0 808 x 1 05 =* 1 8228 grams of pure dry 
tannin, and this weight of tannm is contained m a litre of the solution. 

The result obtained by tho titration is multiplied by the factor 1*05 in order 
to make allowance for oxidisable impuntics in the tannin, and the tannin-value 
of each c.o. of tho permanganate solution is then calculated. 

This process evidently only fixes the tannin-value of the permanganate 
when it is used for estimating the same kind of tannin as that which was 
employed for standardising the solution, but a method for extending the 
method of titration to other forms of tannin is described in paragraph 714. 

It is however more simple to use a solution of 0*1 gram of pure crystallised 
gallic acid in 100 c.c. of water as a standard, and to calculate by the factor in 
the Table on page 370 the kind of tannin which is required. Thus 1 gram of 
pure gallio acid is equivalent to 1*34 gram of pure gallotannic acid. 
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(b) Solution of Pure Indigo-carmine . — This is prepared by dissolving 
5 grams of pure dry sodium or potassium sulphindigotate (Carminum cserul. 
opt.) in distilled water, 50 grams of pure sulphuric acid are added, the solu- 
tion is diluted to a litre, and is then filtered if necessary* 

(c) Solution of Gelatin is made by allowing 2 grams of the purest gelatin 
in thin sheets to soak in cold distilled water for a few minutes, rejecting the 
washing -water, and finally dissolving the gelatin by heating it upon the water- 
bath after adding enough water to make up to about 100 c.c. This solution 
should be made shortly before it is required for use, since it is liable to 
undergo change, 

(d) Kaolin , purified by washing and levigation, 

(e) Sodium Chloride Solution . — Good table-salt in saturated solution 
containing 50 c.c. of concentrated sulphuric acid per litre, 

713. The Process of Estimation. — The estimation of the value of a 
sample of sumach is made as follows : 

An extract of from 15 to 16 grams of the sumach is prepared according to 
the directions already given (71O). 

Five c.c. of the filtrate, or less if necessary, are measured into a beaker 
about a litre in capacity, together with 25 c.c. of the indigo solution (b), and 
750 c.c. of distilled water or of good tap-water. The amount of the indigo 
solution added should require, when it is titrated alone, from 25 to 30 c.c, 
of the permanganate solution in order to change its colour to pure yellow. 

The permanganate solution (a) is now dropped from a burette, furnished 
with a glass stop-cock, into the mixture in the beaker until the blue colour 
of the solution begins to change to green. The addition must be made at 
a constant rate, and the liquids must be well mixed by vigorous stirring 
during the whole titration. 

As soon as a green tint appears, the permanganate is dropped in much 
more slowly until the solution assumes a dirty greenish yellow colour. It is 
best at this stage to allow the liquid to stand for a moment or two, and then 
to drop in the permanganate, one or two drops at a time, and to stir 
vigorously after each addition. This procedure is continued until the liquid 
In the beaker assumes a clear yellow colour. 

This titration should then be repeated, and the two results thus obtained 
should not differ by more than 0*1 c.c. The correspondence of the results is 
made more certain if the liquid from the first titration is kept, and care is taken 
that the tint finally obtained in subsequent titrations exactly matches it ; 
this insures all titrations being carried to the same stage. A constant error 
may still be introduced, but this will not affect the final result. 
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The titration can be made by artificial light diffused by passage through 
ground glass or tissue-paper ; but as the end-point is slightly different with 
different lighting, the whole of an analysis must be made under the same 
conditions ot illumination. 

The result of this titration corresponds to the total amount of oxidisable 
matter, both tannin and non-tannin, which is present in the sumach. 

It is now necessary to remove the tannin from a portion of the solution, 
in order to determine the non-tannin matter separately and the tannin by 
difference. For many purposes tho use of hide-pow der, as is described under 
Detannisation in paragraph JII, may be adopted to remove tho tannin; 
but this may also be effected by means of gelatin as is described in the follow- 
ing paragraphs. See also General Remarks on page 369. 

60 c.c. of tho original filtered solution of the sumach are introduced into 
a 100 c.c. stoppered measuring-cylinder, 25 c.c. of the gelatin solution (c) 
and 25 c.c. of the acidified salt solution (e) are added, and the mixture is 
shaken to insure perfect mixture ; a teaspoonful of kaolin (d) is then added 
to facilitate the filtration, and the liquid is filtered. 

10 c.c. of tho filtrato, coiresponding to 5 c.c. of the original solution, are now 
titrated with the permanganate as is described above, and tho process is repeated 
until corresponding results are obtained. Since the gelatin, in tho presence of 
salt and sulphuiic acid, precipitates tho tannin-matter, it is evident that the 
difference between tho lcsult of this titration and of that already carried out 
on tho untreated extract will give the amount of permanganate solution w'hich 
has been reduced by tho tannm-mattcr itself. From this result tho percentage 
of tannin may be calculated, if necessary, as is described hereafter. 

The Following Precautions must be attended to in cairying out the Lowenthal 
Process. 

(1) If the gelatin, kaolin, or salt, which are used to precipitate the tannin, 
contain any solublo oxidisablo impurities such as sulphites, these would render the 
titration-result of the oxidisablo non- tannin matter too high When very accurate 
results are desired, it is well to ascertain whether this source of error exists. 

This is done by mixing together tho same quantities of indigo solution, distilled 
water, kaolin, and acidified salt solution as are used in a titration The mixture 
is made up to 100 c c , then filtered, and 20 c c. of tho filtrate are titrated with the 
permanganate. If tho amount of permanganate reduced exceeds by more than 
0 1 c c. that required by the indigo solution alone, one-half of this excess must he 
deducted fiom the result obtained by the titration of the oxidisablo non-tannm 
matter, before this is subtracted from the result representing the total oxidisablo 
matter present in the extract. 

(2) The indigo solution m this method serves not only as an indicator, but it 
also controls the oxidising action of the permanganate by keeping it within ceitair 
defimto limits In order to insure a uniform limiting action, the volume of the 
permanganate solution which is used in a titration must never much exceed one 
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and two-third times that which is required by the indigo alone ; if this quantity is 
exceeded, the tannin solution must either be diluted or a smaller volume of it must 
be taken and the titration must be repeated. 

(3) If the titrations are not carried out in a strictly similar manner, as regards 
stirring and rate of addition of the permanganate, comparable results cannot bo 
obtained, since the procedure during titration considerably affects the ultimate 
result. 

Calculation of Ldwenthal Analysis of Sumach. — Fifteen grams of sumach 
per litre were used as for the gravimetric analysis. 25 c c. of the indigo solu- 
tion with 2 5 c c. of the sumach infusion required in two titrations 41 35 and 
41 25 c c of permanganate, or an average of 41 3 c.c. 25 c o. of the indigo solution 
alone required 26 7 c c. Accordingly 2 5 c c. of sumach-extract required 14 6 c c., 
and 10 c c. of the original sumach solution would require 58'4 c.o. After detannising 
the extract, 10 c c. if the precipitation by gelatin was used, or 6 o o. — 5 c.c of 
original solution if the gravimetric method with wet powder was used, were 
mixed with 25 c c. of the mdigo solution and required 28 7 c o. of permanganate, 
and after deducting 26 7 c c. for the indigo, the sum of two such determinations 
was 4 c.c. This corresponded to 10 c.c. of the original liquor. The volume of 
the permanganate solution required for the tannin m 10 o c. is therefore 
68 4 - 4 0 «=» 54 4 c c. 

Similarly two 5 c c portions of the gallic acid solution, which are together 
equal to 10 c c. of the 1 gram per litre solution, required 19 4 c.c. of the perman- 
ganate Now 1 gram of gallic acid is shown by the Table (714) to be equivalent 
to 1 5 gram of sumach-tannin, and the gallic acid solution is therefore equivalent 
to a solution containing 1 5 gram per litre of sumach tannin. Accordingly 

100 

19 4 : 54 4 x — 7 : : 1 5 : 28 per cent. 


The gravimetric analysis of the same sumach gave 27*5 per cent, of tannin, and 
substituting this in the above equation, we obtain 


27 5 x 19 4 x 15 
54 4 


1*47 gram, 


the amount of the tannin of this particular sumach as determined gravimetri- 
cally which is equivalent to 1 gram of gallic acid. Substituting this for the 
factor 1 5 actually employed in the Ldwenthal analysis, the result obtained by the 
method would exactly correspond to that yielded by the gravimetrio method. 


General Remarks on Detannisation — Shaking with chromed hide- powder is 
generally to be preferred to precipitation with gelatin, since the results of the 
former method can be calculated, by multiplication by a suitable factor, with 
very considerable accuracy into those of the gravimetrio method by which 
materials are usually bought. Such a factor may bo obtained from the Table (7 1 4), 
but it is always more safely found by direct estimation made on an average 
sample of the tannery liquors 

Great simplification may be made in the method of detannisation when no 
gravimetric determination is required, since the Lowenthal titration is unaffected 
either by the salts present in the chroming liquor or by traces of dissolved hide- 
substance, so that washing is superfluous and the powder needs only to be ohromed 
and squeezed, and the necessary water added as is described in the gravimetrio 
method. 


24 
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A still further shortening of the manipulation is obtained by using Professor 
Pacssler’s “ lightly chromed ” dry hide-powder, obtainable from the Research 
Institute for Leather Industries, Freiberg-in-Sachscn, or even by using fine freshly 
air-dried chrome-leather shavings from the machine as suggested by Kopecky. 
7 grams of the dry powder and a little kaolin are well mixed with 100 c c. of the 
diluted liquor, and ai o shaken in a suitable machine for fifteen minutes ; the liquid 
is then filtered and 5 c.c. are titrated. It is uncertain whether the small amount 
of hygroscopic water contained in such an air-dried powder, not exceeding in this 
case 1 gram, really acts as water of dilution when the powder is shaken with a 
liquor; but in any case the error thus introduced cannot exceed one-hundredth 
part of the total tannin present, and as it is constant in all analyses, and these 
are only required for comparative purposes, it may be neglected without hesitation. 

714. Determination of the Absolute Percentage present of any Form 
of Tannin — If it is desired to detcnxnne the actual percentage weight of 
any form of tannin other than gallotannic acid m a sample of tanning material 
by the Lowontlial method, it is nccessaiy to resort to the gravimetric process 
already described (71 1 ) in order to standardise the permanganate solution. 

5 c.c. of the original extract (710) is titrated as is directed above (713). 6 c c. 

representing 5 c c. of the same extract after detannisation (711), is similarly titrated 
in order to estimate the amount of non-tannin matter present 50 c c of the 
original extract and CO c c of the filtrate from the hide-powder are then evaporated 
separately, and the residues are dried as directed and weighed The actual weight 
of the tannin matter, which corresponds to the gallic acid equivalent of the 
permanganate reduced, can then bo calculated and a factor obtained. 

This method is obviously useless for a single estimation, but when a number 
of titrations of similar tanning solutions are being made it is often very convenient. 
In some cases the proportion of oxidisablo non-tannin matter can bo assumed 
to bo constant, and the tannin-strength of a liquor is then obtained by a single 
titration. 


Table of Average Factors for Lowentiial’s Method. 


Material. 

Chestnut-wood tannin . 





Tannin value 
of 1 gi am of 
gallic acid. 

. 1*65 

Oak-wood tannin . 





. T89 

Myrobalans tannin 





. 1 73 

Quebracho -wood tannin 





. 1-69 

Valonia 





. 1*58 

Sumach 





. 150 

Oak-bark 





. 1*71 

Mimosa-bark 





. 1 88 

Mangrove- bark 





. 1*40 

Cambier cube 





. 1*78 

Average of all above materials 




. 1 69 
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SOAP ANALYSIS 

715 - In an ordinary analysis of soap, it is not necessary to estimate all 
the constituents. The determination of water, fiee and combined alkali, 
fatty acids, and insoluble matter will commonly suffice. 

The first scheme described below (716— 721 ) is rapid, and is sufficient for 
ordinary technical analyses. 

A more complete chemical examination of tho soap would include the 
estimation of the amount of fiee fat, icsm, glycenne, and of certain other 
substances. In many cases also an investigation is required into the natuie 
of the fatty acids present. 

Two schemes for more complete analysis arc diawn out below. That 
described in paragraphs 722-728 includes the estimation of all the constituents 
of an ordinary soap, while that descnbed in paiagiaph 730 may bo used tor 
toilet or other special soaps. 


Scheme foe Partial Analysts of Soap. 

716. An Average Sample of hard or soda soap is obtained by cutting 
out a slice at about one-thud the length of tho bar ; either the wholoof this 
slice or a half or quarter may be taken as representing tho soap, and this 
is thoroughly mixed by cutting it up, and is at once placed in a stoppeied 
bottle. 

A soft or potash soap should be well mixed before taking the sample. 

Moisture. — One gram of the average sample, in fine shavings, is dried 
in the water-oven for six hours or moie, and is weighed when cool ; the drying 
is then repeated for an hour and tho soap is again weighed, and these processes 
are repeated until two consecutive weighings closely agicc with one another. 

717. Ash. — Place 2 grams of the average soap (716) m a small platinum 
dish and ignite it at a moderate heat. If any difficulty is experienced in 
burning off the caibon, treat the mass with water and filter, then dry and ignite 
the filter in the dish : now add tho filtrate to the incinerated filter, evaporate 
to dryness, and gently ignite the residue. 

718. Insoluble Matter. — Dissolve the ash (717) * n water > and filter 
if there is any appreciable residue ; reserve the filtrate, and wash, dry, ignite 
and weigh the insoluble matter. 
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719 . Total Alkali. — Titrate the aqueous solution of the ash ( 7 x 8 ) with 
seminormal hydrochloric acid, using methyl-orange as an indicator. Then 
calculate the weight of alkali, using 0*775 as the factor for the conversion of 
If Cl into Na 2 0, and 1*27 as the corresponding factoi; for K a O in a potash soap. 

720. Free Alkali. — Dissolve 3 grams of the average soap in fine shav- 
ings by warming it with 150 c.c. of methylated spirit, which has been made 
neutral to phenol-phthalein by the addition of NaOH solution. 

(a) Titrate 60 c.c. of this solution with decinormal hydrochloric acid, 
using phenol-phthalein as an indicator, to obtain the amount of NaOH or 
KOH present. 

(b) Boil 50 c.c. of the alcoholic solution with 5 c.c. of decinormal hydro- 
chloric acid to decompose any carbonate present, then cool the liquid and 
titrate it with decinormal casutic soda solution, using phenol-phthalein as 
an indicator. 

The amount of IIC1 neutralised by the Na 2 C0 3 or K 2 C0 3 will be equal to 
tho difference between tho amounts of the acids which have been neutralised 
in (b) and (a). 

721. Fatty Acids. — Dissolve 10 grams of the average soap in 250 c.c. 
of water contained in a beaker, and heat with excess of dilute H 2 S0 4 until 
the fatty acids separate out as a clear layer. Then cool, and filter the aqueous 
solution through a plug of glass-wool, rejecting the filtrate. Remelt the 
mass of fatty acids several times with boiling water, stirring vigorously 
each time, and finally introduce the mass into a glass basin ; melt the fatty 
acids in the basin, pour off tho clear part into a weighed beaker, and heat this 
in the water-oven until its weight remains constant. 

Now wash tho vessels and the glass plug with cold water until they are 
free from acid ; then dissolve the fatty acids from them with boiling methy- 
lated spirit, collecting the liquid in a weighed beaker. Evaporate the 
alcoholic solution on tho water-bath, and dry the residue in the steam- oven 
until its weight is constant. 

The sum of the two weights thus obtained gives the total weight of the 
fatty acids, and this is multiplied by 0 97 to obtain the weight of the fatty 
anhydrides. 

Note , — In case the fatty acids are fluid or very soft proceed as is directed 
In the Note (726). 
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Scheme for more Complete Analysis of Soap. 

722. Preparation of an Average Sample for Analysis.— Tho 
following special method for preparing an average sample for analysis is de- 
scribed because soap contains a large proportion of water which is differently 
distributed throughout the mass, the outside of the sample usually containing 
much less moisture than the inside. 

Cut out a slice of the soap through tho middle of tho bar, and at right- 
angles to its long axis. This slice must either weigh exactly 50 giams, 01 else 
tho volume to which the soap solution is diluted must be adjusted accoidmgly. 
Warm the soap with air-free distilled water until it is dissolved. Then dilute 
the solution, and filter it if necessary through a dried tared filter. 

Any insoluble matter thus obtained is dried on tho filter and weighed. 

The warm solution is cooled in a half-litre flask to about 60° C. ; it may 
gelatinise if its temperature is further reduced. It is then made up to the 
mark with air-free water at 60° C., and the liquid is thoroughly though gently 
nnxod by inverting the flask, since if the liquid is violently agitated it will 
froth seiiously. Several poitions of 50 c.c. and 100 c.c. each are then at once 
measured off by heated mcasuung-flasks into separate vessels for analysis. 

An alternative method consists in making the solution up to 500 c.c. at 
60° C., then allowing it to cool and set, and bunging it to the liquid stato in 
the stoppered measunng-flask, when necessaiy, by warming the contents of 
the flask to 60° C. If the soap-solution has been allowed to stand aside, 
it must always be thoroughly mixed before any portion is measured off for 
analysis. 

723. Estimation of Moisture.— 50 c.c. of the above solution of tho 
soap, corresponding to 5 grams of the soap, are evaporated to dryness in a 
woighed platinum or porcelain dish upon the water-bath. The soap residue 
is dried in the steam-oven, or in an air-bath at 120° C., until the weight is 
constant, and the weight of the dry residue is subtracted from 5, in order 
to obtain the weight of water which was oiiginally present in 5 grams of the 
soap, 

724. Estimation of Matter Insoluble in Alcohol.— Transfer the 
dried soap from the dish (723) as completely as possible to a 15 cm. filter, 
which has been previously treated with alcohol and then dried at 100° until 
its weight is constant. Ascertain the amount of soap, which has been removed 
to the filter, by reweighing the dish. Then press the filter round the soap 
so as to enclose it in a bag, and place the filter containing the soap in the 
Soxhlet extractor ( 671 )* Pour absolute alcohol into the flask and drop in 
a few pieces of platinum-foil to prevent the alcoholic solution of soap from 
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bumping ; then boil the spirit, and allow the extraction to continue for two 
hours. 

The filter will now contain any mattei which was pi esent in the soap and 
was insoluble in alcohol, such as starch and alkaline silicate and caibonate. 
Diy the filter with its contents in the steam-oven until its weight is constant, 
and subtiact the weight of the filter in order to obtain the weight of the in- 
soluble matter. 

The amount of mineial matter, which is pi esent m this residue, may then 
be found by incinerating the residue and filter at the lowest temperature 
possible, weighing the lesidue and subtracting the weight of the filter-ash. 

725 Estimation of the Alkali which is present as Hydroxide, 
Carbonate, and Silicate.— Since the evaporation of the soap solution 
would convert the alkaline hydroxide into caibonate, it is necessary to dissolve 
a slice of the soap (722), weighing 20 giams, in 200 c.c. of absolute alcohol. 
This solution is liltcied, and 50 c.c. of the filtrate aic titiated with normal 
sulphuiic acid, using phcnol-phthalein as an indicator. This titration gives 
the amount of sodium hydroxide pi esent (Nute). 

The residue on the filter is dissolved in water, and the solution is titiated 
with standard acid 111 the presence of methyl-orange m order to estimate 
the amount of Na a O piesent as carbonate and as silicate. 

Note — The above separation of sodium hydroxide fiom sodium carbonate by 
means of absolute alcohol is frequently not complete If the alcohol is quite 
absolute homo NaOEI lemams undissolved, while if water is present bomo Na 2 C0 3 
may pass into solution. A qualitative test foi fice alkali may be made by placing 
a diop of phenol- phthalcm solution on the freshly cut buiface of the soap ; if no 
red (dotation appear, fieo alkali is absent and absolute alcohol may be satis- 
factory used. 

726. Estimation of the Fatty Acids. — The fatty acids in the soap 
may cither be determined in the alcoholic solution, winch has been neutralised 
with tho nonnalacid as is descnbed above (725)* ike solution being diluted 
with water and then boiled until all the alcohol is removed ; or 50 c.c. of the 
onginal soap solution ( 722 ), corresponding to 5 grams of the soap, may be 
used for the determination. 

In either case, a measiucd quantity in excess of normal sulphuiic acid is 
added to the soap solution contained in a beakei, a dish, or a conical flask. 
Tho vessel is then heated on the watei-bath, or gentJy boiled, until the fatty 
acids form a transparent layer, fiee fiom white spots, on the top of the liquid, 
and a clcai solution remains below. 

The fatty acids are most conveniently separated $rom the liquid in a dish 
and are then washed by using the “ butter-flask ** as is directed in para- 
graph 688. The aqueous liquid and washings are le served for the estimation 
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of the alkali (728), and the weight of fatty acids found is multiplied by 
0-97 in order to obtain the weight of the fatty anhydrides. 

Another method consists in decomposing the soap solution by the acid in a 
beaker, and cooling the hot liquid until the fatty acids set into a solid cake. 
The aqueous solution is then filtered through a wetted filter, and the fatty 
acids in the beaker are washed by shaking them with hot water, cooling, and 
pouring off the aqueous portion again (Note). This washing process is repeated 
until the washing- water no longer affects blue litmus-paper. If the washing is 
carefully performed, very little fatty acid will be present on the filter. 

The funnel containing the filter is placed m a small beaker and dried in the 
steam-oven. The fatty acids are dissolved fiom the beaker and the filter by means 
of alcohol, and th<* solution is added to the fatty acids in the beaker. The beaker 
and its contents are then heated on the water-bath and then in the steam -oven 
until the weight becomes constant. The weight of fatty acids thus found is 
multiplied by 0 97 m order to obtain the weight of the fatty anhydrides. 

Note . — Instead of washing the fatty acids upon the filter, they may bo removed 
as a cake, which is washed with cold water , this becomes a necessity if the fatty 
units are liquid or very soft For this purpose from 5 to 7 grams of white 
wax are accurately weighed out, and are kept in a melted state with the fatty 
acids in the beaker on the water-bath, after the normal acid has been added, 
until all water separates from the melted layer. The beaker is then cooled, and 
a firm cake is obtained which can be removed, rinsed with cold water, drained, 
dried with filter-paper, and weighed : any fatty matter which remains adhering 
to the inside of the beaker is scraped off, washed, dried in a desiccator, and weighed 
with the cake. From the total weight thus obtained the weight of the wax is 
subtracted, and the result is the weight of the fatty acids. 

727. Twitchell’s Process for estimating Resin Acids in mixture with 
Fatty Acids. — The process depends upon the conversion of the fatty acids 
by suitable treatment into their ethylic esters, the resin acids under the same 
treatment remaining unaltered. The resm acids are then either separated 
and weighed as such, or are estimated by titration. 

About 2 grams of the dry fatty acids (726) are accurately weighed into 
a suitable flask, 25 c.c. of absolute alcohol are added, and the flask is 
gently warmed to dissolve the acids. 

Dry hydrochloric acid gas is then passed rapidly through the alcoholio 
solution for about half an hour, the flask being cooled meanwhile by immersion 
in running water. 

The hydrogen chloride may bo generated by slowly dropping strong sulphuric 
acid from a tap-funnel into strong solution of hydrochlorio acid, and drying the 
gas by passing it through strong sulphuric acid. 

It is advisable to introduce a stop-cock or screw-clip between the drying- 
flask and the alcoholio solution, so as to be able to prevent any back-rush 
of the alcoholic solution when rapid absorption is taking place. With this 
object the rate of evolution of the hydrogen chloride may be increased 
while the first rapid absorption of gas continues, and diminished when tho 
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absorption and esterification approaches completion. The excess of the 
gas may be absorbed by passing it up a tower filled with marbles down which 
water is allowed to flow. 

As soon as the action is complete, which is known by the dark colour of 
the liquid and the escape of unabsorbed HC1, the flask is removed from the 
cooling-bath and is allowed to stand for half an hour. 

The fatty acids will now have been converted into their ethylic esters 
while the resin acids will be present in a practically unchanged condition. The 
estimation of the resin acids can now be made by sepaiatmg and weighing 
them (A), or by titrating them m the mixture of fatty and resin acids (B). 

(A) Estimation by Direct Weighing of the Resin Acids -—The liquid 
is diluted with about five times its volume of cold water and is heated 
on the water-bath until it becomes practically clear, the mixed resin acids 
and ethylic esters forming an upper oily layer. 

The flask is then cooled, 40 c.c. of petroleum other aio added, and the 
whole is transferred to a stoppered scparating-funnel, the flask being unsed 
out into the funnel with 10 c.c. of petroleum other. The sepaiatoi is now 
gently shaken, and the lower acid layer is allowed to flow off after the 
liquids have had time to separate. The residual ethereal solution is washed 
onco in tho funnel with water to remove most of the remaining liydiochloiic 
acid, and is then mixed with 50 c.c. of an alcoholic solution of potash, which 
is made by dissolving 10 grams of pure potassium hydroxide in water, adding 
85 c.c. of absolute alcohol and diluting to a litre with distilled water. The 
mixing is best effected by rolling the separator round gently on the bench 
so as to avoid tho formation of an emulsion. 

Tho liquids are now allowed to separate completely, and tho lower layer 
containing the resin soap is transferred to another separator, while the upper 
layer may be reserved for the isolation of the fatty acids if necessary. 

The lower alkaline liquid in the separator is then mixed with 25 c.c. ot 
dilute sulphuric acid, and the liberated resin acids are dissolved out by 
shaking the liquid with 50 c.c. of methylated ether. The lower layer is 
allowed to flow away, and the ethereal solution is washed three times with 
water in the separator, and transferred to a weighed beaker or flask ; after 
the ether has been removed by evaporation, the resin acids are dried in 
the steam-oven until their weight is constant. 

The resin which is thus obtained should be transparent and hard ; if it 
remains slightly soft and sticky after being dried, it probably retains a 
small amount of fatty acid. 

JB) Estimation of the Resin Acids by Titration.— The esterification is 
carried out as has been described above. After the dark liquid thus obtained 
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has been transferred to the separator, it is well shaken and allowed to separate 
completely into two layers ; the acid layer is allowed to flow away, and the 
ethereal solution is washed thoroughly with successive amounts of water, 
until the washing- water is perfectly neutral to litmus. 

50 c.o. of neutral alcohol are then added to the ethereal solution of the 
esters and resin acids, and the liquid is titrated with standard caustic alkali, 
using phenol-phthalein as an indicator. The alkali immediately combines with 
the resin acids, whilst the aliphatic esters remain practically unalteied. 

The average combining equivalent of resin acids is usually taken as 346 , 
so that 1 c.c. of the noimal alkali solution corresponds to 0 346 giam of 
resin acids. 

The volumetric method is somewhat more rapidly carried out than the gravi- 
metric. It is, however, less accurate, since its results depend upon the concct- 
ness of the combining equivalent of the resin acids which vanes m different 
samples, whereas the gravimetric method directly determines the actual weight 
of these acids. Even the gravimetiic process must not bo considered to give 
lcsults which are absolutely accurate, and the enor may amount to as much as 
5 per cent, of the amount of resin present : this method is, nevertheless, the most 
accurate one known for the determination of the amount of lcsin picsent in soap 

728 Estimation of the Total Alkali — All the alkali will be con- 
tained in the aqueous filtiato (726), if the original soap solution was employed 
for the estimation of the fatty acids. If, However, tlio alcoholic solution (725) 
was used for the estimation of the fatty acids, the filtrate (726) will contain 
the total alkali, less that which is present in the insoluble residue (725)* 

In either case the excess of standaid acid is measuied by titrating the 
filtrate with standard sodium hydrate solution. Since a known volume of 
standard acid was originally added to the soap solution (726), tho quantity 
of acid corresponding to tho total alkali m the soap can now be obtained by 
difference, and from this result the amount of the combined alkali, Na a O, 
or K a 0 , may be calculated. 

729. Potash Soap or Soft Soap. — Since the alkali present in this soap 
is potassium oxide, tho alkali must be calculated as K 2 0 instead of as Na 2 0 . 
If both sodium and potassium are to be estimated, a measured volume of the 
soap-solution (722) is decomposed by hydrochlouc acid instead of sulphurio 
acid (726), and the alkali metals are determined in the filtrate from the 
fatty acids by proceeding as is directed in paragraphs 428, 429* 

For the Results of Analyses of Soaps refer to paragraphs 967, 968. 
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730. Complete Analysis of Soap 


Measure PO c c of the Soap Solution (722) and evaporate this on the water-bath, or weigh 

tracted from 5 , gives the Weight 

Remove this residue to a tarcd filter, which has been extracted with petroleum ether, and treat 

Ether Ex- The Residue in the filter consists of soap and other 

tract. Dis- 

til of! the The Alcoholic Extract contains soap (fatty anhydride and combined alkalis), 
ether, and resin, and glvcerme Add a few drops of phenol- phthalem, and exactly 

dry the neutralise with dilute H <2 .S 0 4 if free alkali is shown to be present by the 

flask at 100° colour of the phcnol-phthalein 

C, until — 

its weight Free Alkali Add a largo ext ess of water, and boil of! all the alcohol Decom- 
ls constant, For tins pose the soap by adding a measured volume m excess of normal 

The lesiduo estimation H,,S0 4 ; boil, separate the fieo fatty acids (726)» Hltci and wash 

is Uncom refer to 

bined Fat. pai. 725. The Filtrate contains com- The Residue on the filter- paper con* 
bincd alkali and gly- feists of Fatty Acids and Resin. 

Note. Es- ccnno Titrate it with Dry it at 110 ° C , and weigh 

sential oils normal sodium hydrate Dissolve an aliquot part in 20 c 0. of 

and certain solution stiong alcohol , saponify by heat* 

adulterants mg with sodium hydrate solution 

may be pro- Fioni tho After titra- added m slight excess, using 

sent in this volume of tion, eva- phenol-phthalem to ascertain when 

residue. sodium by- porate tho excess is present Boil, cool, trans- 

diato solu- liquid to for to a stoppored cylinder, and add 

tion used, diyness on ether until the volume is 100 c c 

the H>S 0 4 , tho water- Add a fair quantity of ApN 0 3 in 

which' cor- hath Heat fine powder, shake well for ten 

lesponds the residue minutes, and allow to settle 


Free Alkali 
For this 
estimation 
refer to 
pai. 725. 


bincd alkali and gly- 
cerine Titrate it with 
normal sodium hydrate 
solution 

Fioni tho After titra- 
volume of tion, eva- 


sodiuin hy- 
drate solu- 
tion used, 
the HB 0 4 , 
which' cor- 
lcsponds 
to the 
Combined 
Alkali, is 
known 
The amount 
of tho com- 
bined al- 
kali is cal- 
culated as 
Na ,0 


porate tho excess is present Boil, cool, trans- 
liquid to fer to a stoppored cylinder, and add 

diyness on ether until the volume is 100 c c 

tho water- Add a fair quantity of AgN 0 3 in 

bath Heat fine powder, shake well for ten 

the residue minutes, and allow to settle 

with 1 part 

of eliloro- The Precipi- The Solution consists 
form and 2 tate, whu h of resmate of .silver 

parts of consists of Filter of! 50 c c fiom 

absolute steal ate, the total 100 c 0 De- 
alcohol, palmitate, compose this with 

evaporate and oleato 20 c c dilute HC 1(1 

the clear of silver is of acid : 2 of watei ) 

alcoholic rejected. Measure the volume 


form and 2 
parts of 
a bsolutc 
alcohol, 
evaporate 
the clear 
alcoholic 
solution to 
diyness m 
a tai ed 
dish , and 
weigh the 
lcsidual 
Glycerine 

Note.— Tho 
residu 0 
should be 
in c in el- 
ated, and 
the weight 
of any ash 
thusfound 
must be 
deducted 
fiom that | 
of the gly- ] 
cenne. 1 


of resmate of silver 
Filter off 50 c c fiom | 
the total 100 c 0 De- 
compose this with 
20 c c dilute HC1 ( 1 
of acid : 2 of watei ) 
Measure the volume 
of the liquid, allow 
the AgCl to .settle, 
and evaporate an 
aliquot poition of 
the clear solution in 
a taxed dish. Dry ! 
tho residue at 110° 
C., and weigh The 
Resin. For each 10 
c.c of solution evap- 
orated, subtract 
0 00236 gram, to 
concct tor dissolved 
oleic acid 

Subtract tho weight of 
icsiti in 5 grams of 
boap from the corre- 
sponding weight of 
the fatty acids f- 
resin, and multiply 
the weight of the 
fatty acids thus ob- 
tained by 0*97 (726). 
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[Modification of Leeds’ Scheme). 


S grams of the average soap and dry at 100° C. The weight of the dried substance, when sub- 
of Water m 5 giams of the soap. 


the soap, wrapped up in the filter-paper bag, with peti oleum ether m the Soxhlet apparatus (671 ). 


constituents. Treat this with alcohol in tho Soxhlet apparatus. 


The Residue consists of Na 2 CO !t NaCl, Na 2 S0 4 , sodium silicate, starch, and insoluble matter 
Wash with 60 c c. of cold water 


The Filtrate consists of Na.CO,, NaCl, Na 2 SO t , and 
sodium silicate Make the solution up to 100 c c , 
and use separate portions of 20 c c. each for tho fol- 
lowing estimations 

The Residue consists of starch and! 
insoluble matter. Diy at 100° C ,j 
and weigh the Starch + Insoluble! 
Matter | 

Na>CO { 
Titrate with 
normal 
If ,S0 4 ,and 
calculate 
the result 
as Na. 2 CO, 
This will 
include 
any Na 2 0 
originally 
present in 
the resi- 
due as 
sil ic ate 
and as hy- 
diate(725) 

NaCl 

Titrate with 
AgNO, 
(373)* or 

piocipitate 
as AgCl, 
and weigh 
( 149 ) Cal- 
culato tho 
result as 
NaCl. 

Na.>S0 4 
Acidify with 
HC1, pre- 
e lpitate 
with BaCl 2 
solution, 
and weigh 
the BaS0 4 
( 133 ) Cal- 
culate as 
Na 2 S0 4 . 

SiO., 

Decompose 
with HC1, 
evaporate 
down to 
dryness, 
heat the 
residue at 

ir>0°intho 

air - oven, 
anddctei- 
mme the 
Silica in 
the resi- 
due ( 210 ). 

Boil the residue with about 100 0 e. 
of watei. Place the solution in a 
small bottle, and add 1 c c. of 
strong H 2 SO, Cork tho bottle, 
and wne“down the cork tightly. 
Heat the bottle and its contents 
on tho water-bath for scveial 
hours Then neutralise the excess 
of acid, titrate the glucose thus 
formed with Felilmg solution (701 ), 
and calculate tho woight of the 
Starch 

The weight of the Insoluble Matter 
is found by difference. 

i l 









PART IV -SECTION XII. 

EXAMINATION OF OILS, FATS AND WAXES. 


Introductory. 

740 . The following is a general description of fcho characters of Oils, 
Fats, and Waxes, and of the chemical methods suitable for their identification 
These subjects have not been treated exhaustively, and special books (1021) 
should be consulted if fuller information is required. 

When they are chemically considered, the majority of the vegetable and 
animal oils and fats aio glycerides of the fatty acids, whereas the waxes are 
esters of monhydric or dikydno alcohols. This natuial division has been 
adopted in the description of the constitution and propeitics of those sub- 
stances. 

741. Constitution of Fats and Oils.— The natural fats and oils are 
usually mixtures of the tiiglyccndes of fatty acids of high molecular weight. 

Thus olive oil consists mainly of glyceryl oleate or “ triolein,’* and is 
represented by the formula C 3 H B (0.C 18 H 33 0)3. Similarly mutton fat contains 
the triglycerides of palmitic and stearic acids, which have the formula) 
C 3 H 6 .( 0 .C 16 H 31 0 ) 3 and C 3 H 6 ( 0 .C 18 H 36 0 ) 3 respectively, and are shortly 
named tripalmitin and tristeann. 

The pure triglycendcs are only prepared with difficulty from the natural 
products, but they have been prepared synthetically and their properties 
have been ascertained. 

742. Chemical Properties of the Natural Oils and Fats.— As 
has been already stated, most of the common fats and oils contain tripalmitin, 
tristeann or triolein; but even the purified oils usually contain colouring 
and mucilaginous matter, together with fragments of vegetable and animal 
tissue which are derived from organisms in which the fats were present. These 
foreign substances constitute the “ unsaponifiable matter,” the amount of 
which rarely exceeds 2 per cent, of the oil or fat. 

The most important of these unsaponifiable matters are cholesterol and 
phytosterol, which respectively indicate the animal or the vegetable origin 
of the fat or oil. 


880 
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The amount of free fatty acids present is at first small, but it increases with 
the length of time during which the sample has been exposed to the air. 

When the oils and fats have been prepared by synthesis they are colourless, 
odourless, and tasteless ; but the purest natural products frequently possess 
characteristic colour, taste, and smell. Their solutions should be neutral 
to indicators. 

The natural glycerides are either liquid at atmospheric temperatures 
or they melt when a moderate heat is applied. The solid glycerides separate 
out more or less completely from mixtures when the liquids are cooled. 

The natural oils and fats are practically insoluble in water, and while they 
are only slightly soluble in cold alcohol their solubility is increased when the 
alcohol is heated. They are freely soluble in most othor organic liquids 
such as ether, petroleum ether, carbon tetrachloride and chloroform. 

Their densities vary from 0*910 to 0*970. 

When they are heated to 260° C. little change occurs, but in the oaso of 
drying oils polymerisation takes place. At higher temperatures the fats 
decompose, and at and above 300° C. the characteristic penetrating odour 
of acrolein is perceived ; at higher temperatures fatty and aromatic hydro- 
carbons are given off in considerable amount. 

Exposure to dry air has no effect upon oils and fats, but ordinary damp 
atmospheric air in daylight exerts a marked influence on the composition of 
these glycerides. The chemical change is most marked in the case of drying 
oils such as linseed oil, oxygen being absorbed in large amount and the oil 
thickening and finally setting. The semi-drying oils absorb less oxygen 
and the ordinary solid fats least of all. 

Exposure of the non-drying oils of low molecular weight, such as 
butter and cocoa-nut oil, to moist air and daylight gives rise to rancidity 
which is due to the formation of free fatty acids. This effect is less 
marked in the case of the fats, such as tallow, which contain the higher fatty 
acids. 

When these glycerides are heated with water to 150° C. they remain 
unchanged, but at and abovo 200° C. hydrolysis occurs, water being assimilated 
and glycerol and fatty acids being formed : thus if R represents a fatty acid 
radicle, C 3 H 5 (O.R ) 3 + 3H 2 0 = C 3 H 6 (OH ) 3 + 3R.OH. This process of 
hydrolysis is greatly acceleiated by the presence of strong acids or bases, 
such as strong hydrochloric acid and alcoholic potash. When the action 
occurs in the presence of caustic alkali the change is commonly termed 
“ saponification,’ * since one of the products is an alkali-salt of the fatty acid, 
and these salts are soaps or analogous bodies. 

Strong sulphuric acid acts upon oils and fats at ordinary temperatures 
causing a rise of temperature, which is utilised in the Maumen 6 test ( 754 ), and 
evolution of sulphur dioxide. At temperatures exceeding 100° C. the acid 
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reacts energetically, hydrolysing the fat and forming sulpho-compounds of 
the fatty acid together with glycerol. 

Nitrous acid converts the non-drying oils into solids of a buttoiy con- 
sistency. The consistency varies with the amount of triolein present, since 
the thickening is due to the conversion of the triolein into a solid isomeride 
known as trielaidin. Drying oils remain liquid under this treatment. 

Iodine does not yield substitution products when it is mixed with an oil 
or fat. The iodine is absoibed slowly at ordinary temperatures by the 
glycerides of the unsaturated fatty acids, but at higher temperatures the 
absorption is irregular and secondary reactions take place. Theoretically 
one molecule of iodine should bo absorbed by each pair of doubly linked 
carbon atoms : and Hub] has show n that when an alcoholic solution of iodine 
and mercuric chlondo is allowed to act upon the fat or oil this change takes 
place quantitatively, every pair of doubly linked carbon atoms piesent m the 
unsaturated compound absorbing one molecule of iodine mono-chloride 

(758)- 

743* Constitution of Waxes. — While the fats and oils are all 
glyceryl esters of the fatty acids, the waxes proper aro esters of the fatty 
acids containing a radicle of a mono- or di-hydric alcohol. Thus tho cetin 
or cetyl palmitate present in spermaceti may bo considered as a product of 
the action of cetyl alcohol, C 18 H 33 OH upon palmitic acid, C 15 H 31 .CO.OH, and 
the formula of this ester is accordingly C 13 H 31 .CO.OC 16 H 33 . 

Similarly, tho myricin or myricyl palmitate present in beeswax has the 
composition represented by the formula C 1 B H 31 .CO.OC 18 H 37 . 

The alcohol radicles present may belong to alcohols of tho saturated or 
unsaturated aliphatic scries, or to the aromatic series. 

The liquid waxes m sperm oil contain compounds of the unsaturated 
alcohol radiclos of tho series C n II 2n O in combination with the radicles of the 
unsaturated fatty acids. 

744 . Properties of the Natural Waxes.— The properties of the 
waxes have not been as thoroughly investigated as those of the oils and fats. 
In beeswax and Canauba wax free fatty acids and free alcohols have been 
found. Since tho alcohols are of high molecular weight and are insoluble, 
notable amounts of unsaponifiablo matter aro found which are due to tho 
presence of these alcohols. 

The liquid waxes and spermaceti are neutral in reaction. In their physical 
properties these substances resemble tho fats and oils, and they behave 
similarly with reagents. 

Tho liquid waxes are of lower density than the fats, the density varying 
between 0*875 and 0*881. They do not emit the odour of acrolein when they 
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are heated, since glyceryl is absent ; but when they are heated to a high tern* 
perature the esters are converted into hydrocarbons. They do not become 
rancid as tats and oils do when they are exposed to similar conditions. 


Preparation op the Fatty Matter for Examination. 

745- A fat or oil must be carefully “sampled,” so as to secure a truly 
average and representative portion for examination. 

If the substance is a liquid, somo of the constituents may possibly have 
separated more or less completely from the mass, and it is then necessary 
to mix the whole thoroughly by stirring immediately before the removal of 
any portion for examination. 

If the fat is solid, a suitable amount is removed by an auger or other 
suitable tool. Before this fat is used for examination, it is melted upon 
the water-bath at a temperature not exceeding 60° C. and is then re- 
moved from the water-bath and stirred vigorously in order to prevent the 
separation of water and impurities. 


Estimation of Wateb. 

746 . Weigh accurately about 5 grams of the fat or oil in a small tared 
beaker containing a thin glass rod, and heat the beaker with its contents in 
the air-oven to a temperature of from 100° to 110° C. until the weight is 
practically constant. 

The drying should be stopped as soon as two successive weighings 
agree within 1 or 2 milligrams. This will usually be secured in about 
two or three hours. If the heating is further continued, some of the lower 
fatty acids may be volatilised, or possibly an increase of weight may take 
place owing to absorption of oxygen from the air : these opposite effects may 
in certain cases, howover, chance to balance one another. 

While the fat is being dried it should be stirred from time to time, since 
any water which collects below the melted fat will evaporate through the fat 
very slowly unless it is brought near the surface. 

In the case of drying oils, which absorb oxygen readily from the air, it 
is advisable to displace the air and steam by passing a constant stream of 
.carbon dioxide over the surface of the heated fat> 
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Estimation of Foreign Substances. 

747- Matters other than fat, such as animal and vegetable tissues and cer- 
tain fraudulent admixtures, are determined by removing the fat by a solvent. 
The solvents usually employed are petroleum ether and ordinary ether. 

Weigh out accurately into a flask 10 to 20 grams of the dried fat 
( 746 ) and shake this with petroleum ether, then pour the solution through 
a tared filter, and wash with fresh solvent until a few drops of the washing- 
liquid when evaporated on paper doos not leave a grease spot. 

Then dry the filter with its contents at 100° C. and weigh them. The 
proportion of mineral matter may bo estimated by incinerating the filter and 
its contents at a red heat and weighing the ash : the amount of oiganic matter 
may then be found by difference. 

Starch may bo detected, in the residue left from the extraction of the 
fat, by the iodine test. 

The Mineral Residue may contain salt, chalk, clay, lime and alumina : 
the two latter substances being derived from the admixture of the fat with 
mineral soaps. 

The Substances Soluble in Water may bo removed by shaking from 50 to 
100 grams of the original fat with warm water : the water-layer which separates 
out on standing may bo tested for alkali, salt, or soluble acid, and any 
substance thus detected may then bo estimated volumetucally. 


Determination of the Fat and the Foreign Substances. 

748 . The direct determinations of fat and of foreign substances may be 
combined by using a Soxhlot extractor ( 671 ) as is described below: 

Weigh out accurately from 10 to 20 grams of the fat into a “ Soxhlet 
thimble,” or into a cartridge made by rolling a strip of filter-paper round a 
wooden cylinder and folding it in at one end. Introduce the weighed fat 
into the cartridge and place the whole in the extractor (Fig. 96, page 334). 
The top of the paper may be pinched together to prevent any solid matter 
from getting out of the cartridge. 

Now pour 50 c.c. of the solvent into the lower flask, which should have a 
capacity of about 150 c.c., and pour the solvent also into the Soxhlet 
apparatus until it begins to syphon over ; then at once attach the reflux 
condenser and heat the flask by means of a water-bath. The amount of 
liquid which condense > will be sufficient to cause the syphon to empty the 
reservoir of the Soxhlet apparatus from twenty to thirty times in the hour. 
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Tho extraction of the fat, which will require about an hour, is known 
bo be complete when a few drops of the solvent, taken as they come from the 
siphon, leave no grease-spot when they are evaporated on filter-paper. 
As soon as this is the case separate the flask from the condenser and extractor, 
iistil tho solvent on tho water- bath, and dry the residual fat at 100° C. to 
110° C. until its weight is appioximately constant. 


Detection and Determination of Inorganic Substances 
Dissolved in the Fatty Matter. 

749. Oils and fats have the propeity of dissolving small quantities of 
metals and forming metallic soaps : and soaps of lead and manganese are often 
introduced into “ boiled oils ” in this way. Tho presence of metals m this 
condition may be detected by incinerating about 5 grams of the fat in a 
platinum dish, or if lead is present in a porcelain crucible, and testing the 
residue for alkalis, lime, alumina, lead, manganese, iron, copper, and zinc. 

The alkalis may bo dissolved from tho residue by water and will give an 
alkaline solution. The other metals are detected by the oidinary methods 
of analysis, and their separation and estimation is described in tho earlier 
part of this book. 


DETERMINATION OP CERTAIN PHYSICAL 
CHARACTERISTICS. 

750- Methods for determining certain physical characteristics of fats and 
waxes are described in paragraphs 752~754* Some of the reference-books 
which are mentioned in paragraph 1021 must be consulted if the refractivo 
index and the viscosity aie to be ascertained. 


Separation of the Fat or Wax for Physical and 
Chemical Examination. 

751. The fat may be prepared for examination by keeping it in a melted 
condition on the water-bath until the water and dirt have settled out, and 
then filtering it through a dry filter-paper. 

This “ prepared fat ” is used for any physical determinations which may 
bo made, such as those of the density and melting-point, and for determining 
the heat generated with sulphuric acid. Various characteristics and other 
experimental data for the oils, fats, and waxes will be found in the Table (993). 

25 




886 


EXAMINATION OF OILS AND FATS. 


[752, 763, 


Determination of Density at 15-5° C. and at 100° C. 

752- The density of an oil may be determined by the hydrometer (38), 
but for accurate work the density-bottle (34, 35) or the Sprengel tube 
(3 6, 37) may be used. The temperature of 15 5° (X is usually selected for 
the determination. 

The density of a solid fat or wax is generally taken at a temperature at 
which the fat is liquid, and 100° C. is usually selected for this purpose. 

The Sprengel tubo may be used in the following way at 100° C. : After 
the melted fat has been sucked up into the tube, the body of the tube is 
placed in a vessel of boiling water with the capillary ends protruding. As 
soon as the volume of the liquid has been adjusted exactly to the mark and 
the boiling has continued for about twenty minutes, the glass caps are placed 
on the ends, the outside of the tube is diicd, and the tube is weighed as soon 
as it is cool. 

The weight of the fat is then referred to the w T eight of the same measured 
volume of wator either at its boiling-point or at 15*5° C. The temperature 
of the water-unit which is chosen must be carefully entered. 


Determination of the Melting-point and' the 

SOLIDIFYING-POINT. 

753- The determination of tho melting- and solidifying-point of fats and 
oils is not generally of much value, since these changes in condition take 
place so gradually that it is difficult to decide upon any definite temperature. 
Thus the criterion for the melting-point vaiies with different operators, some 
selecting the point at which the fat begins to soften, and others the point at 
which the fat becomes perfectly transparent. Since the size and shape of 
the vessel in which the fat is melted gives use to considerable differences in 
the melting-point of tho same fat, the determinations must alw r ays be made 
under precisely similar conditions in order to be comparable. 

For determining the melting-point of natural fats, the open-tube method 
(39, 40) may be employed ; but since a fat does not again attain its normal 
melting-point for some time after it has been melted, twenty-four hours at 
least must be allowed to elapse after a sample has been melted before its 
melting-point is determined. 
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Heat of Reaction with Sulphuric Acid (Maumenh Test). 

754 . When Strong Sulphuric Acid is mixed with Drying Oils, a 
greater Rise of Temperature occurs than when it is mixed with Non- 
drying Oils. 

In applying this test comparable results can only be obtained when the 
experiments with different oils are conducted under exactly similar conditions 
It is essential that the acid should always be of the same strength, which 
must be not less than 95 per cent, of acid, and that it shall in every case be 
at the same initial temperature ; the vessels which are used should also be 
similar and of the same size. 

For the application of this test prepare a “ nest ” of cotton-wool for a 
beaker of 200 c.c. capacity, by placing cotton-wool or wadding in a larger 
beaker. 

Then weigh accurately 50 grams of the oil in the smaller beaker, and 
place this beaker and the bottle of strong sulphuric acid in cold water. As 
Boon as the oil and the acid have acquired the same temperature, take out 
the beaker of oil, dry the outside, and place it in the nest of cotton-wool. 
Then stir the oil well with a thermometer, take its tompeiaturo accurately, 
and allow 10 c.c. of the strong acid to flow in slowly from a pipette. The 
acid must take one minute to flow into the oil, and during this time the 
oil must be continuously stiircd. The highest temperature recorded by 
the thermometer during this process is recorded. 

In order to eliminate the error due to the use of different strengths of acid 
the temperature may be referred to that given by 50 c.c. of water when they 
are treated in exactly the samo manner. 

The rise of temperature m an expenment is termed the “temperature 
reaction,’ * and this is referred to that of water as 100 . Thus the tempeiature 
reaction of the oil will be given by the formula : 

Rise of temperature with oil x 100 

_ ^ S 3 Specific temperature reaction. 

Rise of tempera tuie with water 1 


CHEMICAL EXAMINATION OF OILS, FATS AND WAXES. 

Methods are described below for identifying and valuing oils, fats and 
waxes for technical purposes, and for detocting admixture or adulteration. 
The processes for the separation of the various fatty acids and bases present 
in these complex bodies have not been described, but the methods here given 
will serve for general technical examination. 
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Determination of the Acid Value, 


755. The Acid Value is expressed by the Number of Milligrams or 
Potassium Hydroxide which are required to neutralise the Free Fatty 
Acids present in One Gram of the Fat or Wax. 

This test indicates the age and quality of an oil or fat. Freshly prepared 
animal oils and fats contain practically no free fatty acid, and vegetable oils 
usually contain only a small amount, but the amount of free acid is 
increasod on keeping by hydrolytic change and oxidation. 

For the estimation about 10 grams of the fat or oil ( Note 1), more or less 
according to its degree of acidity, are weighed accurately into a flask which 
is fitted with a glass stopper, and 50 c.c. of purified methylated spirit are 
addod (Note 2). 

The flask is now immersed in boiling water, and is shaken for a time to 
dissolve the fatty acid. A few diops of phcnol-phthalein are then added, 
and seminormal sodium hydroxide solution is allowed to flow in from a burette 
until a pink colour remains in the liquid after it has been well shaken. Deoi- 
normal alkali solution may be used if the acidity is very small in amount. 

The Method of Calculating the Acid Value fiom the above result is indicated 
by the following example : 

3*254 grams of a particular sample of tallow required 3 5 c c of decinormal 
potassium hydi oxide solution : hence the free fatty acids piesenfc neutralised 
3 5 x 5 01 19 63 milligrams of KOH, and since the acid value (A) is the amount 

35 x 561 

of KOH required to neutralise 1 gram of tallow, A = — — - — — 6 03. 


If the nature of the fatty acid is known, its percentage may be calculated 
from the following data. 

1 c.c. of Normal KOH = 0*256 gram of Palmitic Acid, 

„ „ „ = 0 284 „ Steario „ 

„ „ „ = 0*282 „ Oleic „ 


In this country the percentage of free acid is usually returned as if it were 

all oleic acid, and the acid in the above sample would be returned as equivalent 

to 3*5 x 0 0282 1AA _ __ ...... 

x 100 == 3*03 per cent, of oleic acid. 

3*254 

Note 1. — The presence of mineral acid may be detected by shaking the fat or 
oil with a little hot water and seeing whether the water is reddened by a drop of 
methyl-orange solution. Mineral acid, if present, should be removed before pro- 
ceeding by washing the fat repeatedly with fresh portions of boiling water, and 
its amount is then titrated in the washings as is described above. 


Note 2. — The spirit is purified by allowing it to stand with solid sodium 
hydroxido and then distilling it. Before it is used, any acidity must be neutralised 
by adding a few drops of phenol-phthalcin and then cautiously dropping in 
decinormal potassium hydroxido solution until a permanent faint pink colour is 
produced. 
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The Saponification Value, or Koettstorfer Value. 

756. The Saponification or Koettstorfer Value is the Number of 
Milligrams of Potassium Hydroxide which are required for the 
Complete Sponification of One Gram of an Oil, Fat or Wax. 

The following solutions are required for the process of estimation : 

(a) Standard Hydrochloric Ac\<L — A seminormal solution ( 290 )* 

(b) Alcoholic Solution of Pott^sium Hydroxide . — Dissolve 35 grams of 
potassium hydroxide, which has been purified from alcohol, in a little water, 
and make up the volume of this solution to a litre with alcohol of 0*81 specific 
gravity, or with purified methylated spirit ( Note 2, 755)- Allow the alcoholic 
solution to stand for twenty-four hours, then filter it into a litre bottle. This 
bottle should be closed by a perforated rubber stopper in which is fitted a 
25 c.c. pipette, and a piece of rubber tube closed by a piece of glass rod is 
pushed upon the upper end of the pipette. 

For the Determination weigh accurately about 2 grams of the puiified 
and filtered fat (751) into a 200 c.c. flask. Then add 25 c.c. of the alcoholic 
potash solution (b) by means of the pipette attached to the rubber stopper. 
Now attach a leflux-condenser, or a long cooling-tube, to the neck of the 
flask and heat it on the water-bath for about thirty minutes. The 
contents of the flask should just simmer and should be shaken fiom time 
to time. 

As soon as saponification is complete, and the fat has passed into clear 
solution, add 1 c.c. of a 1 per cent, solution of phcnol-phthalcm and titiato 
the excess of alkali with the standard hydiochloric acid (a). 

Carry out at the same time a blank experiment, in which the same amount 
of alcoholic potash is heated m the same way as m the actual determination, 
and is finally titiated by the same process. This is necessaiy in older to 
eliminate all sources of disturbance, such as that due to the presence of caibon 
dioxide. The difference between the amounts of potash used in the two 
titrations is the quantity which is requned to saponify the fat. From this 
the number of milligrams of potash which would bo required for 1 gram of 
the fat is then calculated. 


In an Actual Estimation with Olive oil, the following results were obtained 
Twenty-five c c of the KOH solution were added to 1 532 grams of olivc-oil After 
saponification 12 c c. of seminormal hydrochloric acid weic requned for neutralisa- 
tion. In the blank test 25 c.c. of the alkali solution requited 22 5 c c. of the acid 
for neutralisation. Hence the volume of potash solution required for the saponifica- 
tion is 22 5- 12 » 10*5 c.c., which contam a weight of KOH in milligrams of 

10*5 X 56*1 , ... , , f . 294 5 

= 294*5; and 1 gram of the oil would therefore require -■ 

2 


192 2 milligrams of KOH for its saponification. 
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The Saponification Value varies with the nature of the fatty acid, 
the lower the molecular weight of the fatty acid*radicle present the greater 
will be the weight of potash requiied for the neutralisation of a given 
weight of the acid, and the higher the saponification value. 

The saponification value does not vary greatly for the same substance, 
but it is affected by the presence of free fatty acids which tends to slightly 
increase the value, and by slight differences in the composition of the fats 
which may arise from differences in locality and soil and from other natural 
causes. 

The Table in paiagraph 993 shows the saponification values of the 
common oils, fats and waxes. It will be seen that waxes are characterised 
by low saponification values, and this fact furnishes a ready means of distin- 
guishing waxes fiom oils and fats. 

It will also be noticed that the majority of oils and fats have a saponifica- 
tion value which approximates to 193. Deviations from this number are 
characteristic of ceitain oils, thus whilo rape-oil and castor-oil have low 
saponification values, some of the fish-oils and butter possess relatively 
high values. 


Determination of Unsaponifiable Matter. 

757 . The term “ Unsaponifiable Matter ” is applied to Substances 
which are Insoluble in Water and which cannot be saponified by 
Caustic Alkali with production of Soluble Soaps. 

Since oils and fats usually contain only small quantities of unsaponifiable 
matter, larger amounts of the samples must be used for this estimation than 
for the determination of the Koettstorfer value. 

The method described below is only suitable for oils and fats, since although 
waxes are completely saponified by alcoholic potash, they yield insoluble 
alcohols together with hydrocarbons which interfere with the results. After 
fats and oils have been saponified, the unsaponifiable matter usually remains 
dissolved in the soap solution, and it only causes turbidity when it is present 
in large amount. This matter may bo extracted from the solution by shaking 
it with common ether. 

For the Estimation weigh out accurately about 5 grams of the 
sample, add 25 c.c. of a solution of potassium hydroxide in alcohol contain- 
ing 80 grams of KOH in a litro of alcohol, and evaporate to dryness on a 
water-bath. Dissolve the resulting soap in 50 c.c. of hot water, and transfer 
the liquid to a separating-funnel or to a butter-flask (Fig. 97, p. 345) of two 
litres capacity, using not more than 30 c.c. of hot water for washing out the 
dish. Cool this liquid, then pour in fiom 25 to 50 c.c. of ether and mix the 
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liquids well by vigorous shaking, adding a little alcohol if the layers do not 
separate readily. 

Then allow the soap solution to flow out from below into another separator, 
and shake it again with ether. Now mix the two etheieal solutions, wash 
them well by shaking with a little water to dissolve away any dissolved soap, 
and transfer the ethereal solution to a taied flask. Now distil off the ether 
on the water-bath, and weigh the residue after it has been dried at 100° C. 
The Table (993) gives the amounts of unsapomflable matter which are found 
in a number of normal fats and oils. 


Determination of the Iodine Value. 

758. The Iodine Value is the Percentage of Iodine Chloride 
which is absorbed by a Fat or Wax, expressed in terms of Iodine. — 

The pioccss described below is Wijs* modification of the HubI method. 
It depends on the fact that unsaturated aliphatic compounds aro capablo of 
forming additive compounds with tho halogens, the extent of this combination 
depending on the degree of unsaturation. Thus oleic acid, which has two 
doubly linked caibon atoms, absorbs two atoms of a halogen. 

It was found, however, that m practice iodine is not itself absoibed by 
such compounds to the extent corresponding to tho unsaturation, but that 
iodine in conjunction with chlorine is quantitatively absorbed to the full 
extent. Iodine chlondo can therefore bo used as a means of estimating the 
“ saturation value ” of an unsatuiatcd fatty substance. In the case of oleio 
acid, for example, the reaction which takes place is thus represented 1 

C 17 H 38 .COOH + IC1 = C 17 H 33 ICl.COOH. 

The following solutions are requited 2 

(a) Wijs' Iochne Solution is prepared by introducing 13 grams of 
powdcied iodine into a litie flask and shaking it with about 750 c.c. of 99 
per cent, acetic acid, fiee from S0 2 , until solution is complete, and diluting 
the liquid to a litre by the addition of more acetic acid. 

The exact amount of iodine present in the solution is then ascertained 
by titrating 5 c.c. with the standard thiosulphate solution (b). A slow stream 
of washed and dried chlorine, free from hydrogen chloride, is then passed into 
the iodine solution, until the 5 c.c. require twice the volume of the thiosulphate 
solution which was originally required by the iodine solution alone. Tho 
exact time at which this point is leached may be known by the change in 
colour of the liquid from brown to red, which indicates that the iodine is 
entirely converted into monochlonde. 
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(b) Standard Sodium Thiosulphate Solution is made by dissolving 23 
grams of the pure thiosulphate in water and diluting the solution to a litie. 
This solution is approximately dccinormal (332), but requires to be titiated 
from time to time. 

(c) Apjyroximalely Normal Potassium Iodide Solution is made by dissolving 
166 grams of the iodide in water and diluting the solution to a litre. 

(d) Carbon Tetrachloride , which must be of such punty that no green 
coloration develops when tho liquid is mixed with potassium dichi ornate 
and strong sulphuric acid and is allowed to stand. The foimation of a gieen 
colour would indicate the presence of oxidisablo substances. 

For the Estimation the quantity of the sample stated below is dissolved 
in 10 c.c. of the carbon tetrachloride (d), and the solution is placed in a 
stoppered bottle about 500 c.c. in capacity. 


Fiom 0 15 

lo 0 18 

giam of a 

drying or marine animal oil. 

„ 02 

„ 0 5 

»> » 

semi-drying oil. 

„ 0 3 

„ 0 4 

99 99 

non-drying oil. 

„ 0 8 

„ 1 

99 99 

solid fat. 


25 c c. of the Wijs’ solution (a) are then poured into the bottle, and the 
mixture is allowed to stand for an hour in a dark place. In order to avoid 
loss of iodine the stopper of the flask is wetted with the solutron of potassium 
iodide (c). 

At the end of the Hour the amount of iodine in the liquid is determined 
by adding 15 c.c. of the potassium iodide solution (c), 150 c c. of water and 
20 c.c. of the standard thiosulphate solution (b), and then finishing the titia- 
lion with thiosulphate from a burette, using starch solution as an indicator. 

Note . — It is essential to tho success of tho estimation that not less than half 
of tho iodine introduced into tho bottle should lemain in the fiee state and be 
found in tho final titration. 

A blank titration should now be mado at once by introducing into a 
similar stoppered bottle 10 c.c. of carbon tetrachloride, 25 c.c. of the Wijs’ 
solution, 15 c.c. of tho potassium lodido solution, 100 c.c. of water, and 45 c.c. 
of the standard thiosulphate solution, and then completing the titration by 
adding the thiosulphate solution from a burette in tho presence of starch solu- 
tion. Tho amount of iodine solution used in the blank experiment may requiie 
to bo considered in connection \\ ith tho statement in the preceding Note • 

f n an Estimation of the Iodine Value of a sample of lard, the following 
results wcic obtained • 0 312 gram of tho lard was dissolved in 10 c c of carbon 
tetrachlonde, and 25 c c. of tho iodine solution were added. After standing 
for a tune 33 4 c c of tho thiosulphate solution were required by the free iodine. 
In a blank titration, 25 c c. of tho iodine solution required 49 2 c c. of 
the thiosulphato solution. Now since each c c. of thiosulphate solut.on 
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cot respond to 0 0127 giam of iodine, 0 312 giam of the laid had absoibed 
^49 2 - 33 4) x 0 0127 giam of lodme, and 100 grams would iheiefoie absorb 
15 8 x 0 0127 x 100 

= 64 3 grams. Accordingly the iodine value of the lard 

was 64 3. 

The Iodine Value of an Oil, Fat, or Wax is a constant quantity, but it 
varies with different kinds of fatty substances. It is therefore of great 
impoitance as a means of identifying the substance. The value does not 
materially alter with the age of an oil, unless some important chemical 
change has taken place such as oxidation in the case of drying oils and of 
certain fish -oils. 

The Table ( 993 ) gives various iodine absorption values and affoids a 
ready means of indicating the class or group m which an unknown substance 
should be placed. 


The Reichert, Reichert-Meissl and Reichert- Wollney 

Values. 

759 This Value is measured by the Number of Cubic Centimetres 
of Decmormal Potassium Hydroxide Solution, which are necessary 
for the Neutralisation of that part of the Volatile Soluble Fatty 
Acids, which distils over when 2.5 or 5 grams of the Fat or Wax 
are heated under the Specified Conditions. 

The Reichert and Reicliert-Meissl processes have been already desciibed 
in the section on butter-analysis (686, 687)* The third process is the standard 
one now adopted in this country for determining the volatilo fatty acids in 
marganne and butter on the recommendation of a Joint Committee of the 
Government Laboiatory and the Public Analysts. 

760. Standard Reichert- Wollney Process —The standard appa- 
ratus, with the dimensions recommended by the Committee, is shown 
in Fig. 101, page 394. 

Five grams of the liquified fat are introduced into the 300 c.c. flask ; two 
c.c. of caustic soda solution, prepared by dissolving 98 per cent, sodium 
hydroxide in an equal weight of w r ater, and 10 c.c. of 92 per cent, alcohol are 
added ; and the mixture is heated under a reflux-condenser, connected with 
the flask by means of a T-piece, for fifteen minutes over a bath containing 
boiling water. 

The alcohol is then evaporated on the water- bath, the heating being con- 
tinued until the residual soap is dry. 100 c.c. of water, which have been recently 
boiled for at least ten minutes, are then poured into the flask, and the flask 
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is heated until the soap is dissolved. A few fragments of pumice or pipe- 
stem and 40 c.c. of normal sulphuiic acid are then introduced into the flask, 
which is immediately connected with the condenser by means of a bulbed 
glass tube 7 mm. in diameter. 

The flask is supported on a circular piece of asbestos-boaid 12 cm. in 
diameter, which has a hole tn its centre 5 cm. in diameter, and is heated with 


Fm 101. 



a small flame so as to melt the fatty acids. The temperature is then gradually 
raised, and as soon as fusion is complete 110 c.c. are distilled over at such a 
rate as to require thirty minutes for the operation. 

After this distillate has been mixed by shaking, 100 c.c. of it are filtered 
into a beaker, then mixed with 0*5 c.c. of a phenol -phthalein solution con- 
taining 1 gram dissolved in 100 c.c. alcohol, and titrated with decinormal 
solution of caustic soda or baryta. 

A blank experiment is now at once carried out in precisely the same way, 
for winch the amount of decinormal soda required should not exceed 0*3 c.c. 
The volume of the decinormal alkaii used m the first titiation, less that 
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iequired for the blank expenment, when multiplied by 1*1 gives the Reichert 
Wollney number for the fat. 

The number obtained from 5 giams of a fat is not always double that 
obtained from 2*5 grams of the same fat, still for most practical purposes the 
numbers may be assumed to stand in that relation to one another. In the 
Table ( 993 ) the lower number is shown as R, and the higher number as RM. 

Most of the natural oils and fats contain but small quantities of volatile 
soluble fatty acids, therefore the Reicheit number is usually below 0*5 and 
the Reichcrt-Mcissl number below 1 . 

The high values shown in the table for substances like butter-fat are due 
to the presence of acids of comparatively low molecular weight. 


The Hehner Value. 

761 . The Hehner Value is the Percentage of Insoluble Fatty 
Acids and Unsaponihable Matter present in the Fat or Wax. 

For the Estimation about 3 or 4 grams of the filteied fat ( 751 ) are accu- 
rately weighed and introduced into a porcelain basin 13 cm. in diameter ; 
50 c.c. of strong alcohol and from 1 to 2 grams of solid potassium hydroxide 
are then added, and the whole is heated on the water-bath with constant 
Stirling until a clear solution is obtained and the fat is completely saponified 
Saponification is known to be complete when the addition of a chop of water 
to the liquid no longer produces a turbidity. 

The liquid is now evaporated until it is pasty ; it is then made clear again 
by adding from 100 to 150 c.c. of water, and is acidified by adding dilute 
sulphuric acid. It is then heated until the fatty acids form a clear oily layer, 
and is filtered through a 10 cm. filter which has been dried at 100 ° and 
weighed. The filter should bo stout enough to prevent the fat from running 
thiough and rendering the filtrate turbid, and should have been previously 
half filled with hot water. The fatty acids are finally washed on the filter with 
hot water, until the last washing-water does not redden blue litmus-paper. 

The filter with its contents is now placed in a weighed beaker and heated 
at 100 ° C. for two hours, and is then cooled and weighed. It is again heated 
for an hour and cooled and weighed, these processes being repeated until the 
difference between two consecutive weighings is not greater than 1 milligram. 

The final result is in any case only an approximation, since the continued 
heating drives off a portion of the more volatile fatty acids and hence causes 
loss of weight, whereas any unsaturated fatty acids present absorb oxygen 
and give rise to increase in weight. 

Since all natuial glycendcs contain small quantities of unsaponifiable 
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matter which is insoluble in water, the Hehner value is somewhat greater 
than the proportion of insoluble fatty acids. The amount of unsaponifiable 
matter however is usually so small as to be negligible, and the value obtained 
for fats and oils is therefore almost identical with the amount of insoluble 
fatty acids. 

The insoluble fatty matter in waxes may consist of insoluble fatty acids 
and insoluble alcohols, this fact and the assimilation of water during saponifica- 
tion may cause the value to exceed 100. The Hehner value therefore is not 
usually determined for waxes, other characteristics being of greater value. 

The Hehner value of most oils and fats approximates to 95, butter-fat 
and some other fats being notable exceptions to this general statement as is 
shown in the Table ( 993 ). 


, Determination of the Neutralisation Value, or Mean 
Molecular Weight. 

762. The Neutralisation Number is the Number of Milligrams of 
Potassium Hydroxide which are required to saturate One Gram of 
the Mixed Fatty Acids. 

It is sometimes desirable to obtain information respecting the composition 
of the esters present in fatty bodies. By the following process the mean 
molecular weight of the fatty acids present may be determined. 

When the saponification value does not exceed 195 ( 756 ) the mixed fatty 
acids obtained in estimating the Hehner value (761) may be considered to 
represent the total fatty acids piesent in an oil or fat. 

If the saponification number exceeds 200, it is best to determine the mean 
values of the molecular weights of the soluble and insoluble acids sepaiately 

(763-759)- 

The neutralisation number is obtained as is described under the deter- 
mination of the acid value (755)> n °f than 5 grams of the fatty acids being 
used for the purpose. 

The Method of Calculation is as follows s 

If M represents the molecular weight in giams of the fatty acids, and .4 
the number of grams of KOH required to neutralise 1 giam of the fatty acids, 

Then M grams of the fatty acids will require 5G grams of KOH for neutrahsa- 

56 

tion, 01 M : 56 : : 1 : A , and M = -j- 

A 

Oi if B *= the neutralisation number, or the number of milhgiams of 

56 

KOH icquued to neutralise 1 gram of the fatty acid, then M ^ =r- 

B x 1006 
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DETERMINATION OP THE POTASSIUM HYDROXIDE EQUIVALENT OF 
the Volatile or Soluble Fatty Acids. 

763. If the saponification number exceeds 200, and consequently the 
Reichert-Meissl result is above 5, the volatile fatty acids are present m fair 
quantity ; and since their amount cannot be obtained from the distillate, as 
only a portion is distilled over even in the Reichert process, one of the following 
methods (A, B) may be adopted for estimating the amount of volatile fatty 
acids. It is assumed that the volatile and soluble acids aie identical, and this 
is true of ordinary fats. 

(A) Saponifiy 5 grams ot the sample with 60 c.c. of deminormal alcoholic 
potash, and determine the excess of potassium hydroxide by deminormal 
hydiochlonc acid as is described in the process for determining the saponifica- 
tion value (756). The amount of alkali used in the saponification is thus 
found and this represents the saponification value. 

Now remove the alcohol by evaporation, dissolve the residual soap in 
water, add excess of hydrochloi ic acid to liberate the fatty acids, and wash 
these acids with water to remove the soluble fatty acids as is desciibed under 
the determination of the Hehner value (761). Then dissolve the insoluble 
fatty acids in neutral alcohol, and determine their neutralisation value by 
means of deminormal potash. The difTeience between this value and the 
saponification value will give the amount of potassium hydroxide required to 
neutralise the soluble or volatile fatty acids, and if the mean molecular weight 
of the butter-fats is known the absolute amount of the volatile acids may 
be calculated. 

Thus in an estimation made with butter-fat, 5 grams of the butter-fat require 
1130 milligrams of KOH for saponification, and the insoluble fatty acids required 
920 milligrams. Hence 1130- 920 = 210 milligrams of KOH weie required to 
neutralise the volatile fatty acids. 

(B) Saponifiy 5 grams of the sample in a flask with 60 c.c. of seminormal 
alcoholic potash, and distil off the alcohol. Dissolve the residual soap in 
boiled water and add sufficient seminormal sulphuric acid to exactly neutralise 
the whole of the alkali taken. The requisite amount of acid should be deter- 
mined by a blank experiment in which alkali alone is used, the blank being 
carried out simultaneously with the saponification of the fat. 

Now remove the soluble fatty acids by filtration and subsequent washing, 
as in Hehner’s process ; the aqueous filtrate and washings should contain 
the whole of the soluble fatty acids in the free state together with potassium 
sulphate and glycerol. 

The amount of potash required to neutralise these soluble acids can be 




398 


EXAMINATION OF OILS AND FATS. 


[764, 


determined by directly titrating this liquid with standard alkali, osing phenol- 
phthalein as an indicator, and the usual precautions being taken against the 
presence o£ carbon dioxide. 


The Acetyl Value. 

764. The Acetyl Value is the Number of Milligrams of Potassium 
Hydroxide which are required to neutralise the Acetic Acid obtained 
by the Saponification of One Gram of the Acetylated Fat or Wax. 

The acetyl value is a measure of the number of alcoholic hydroxyl groups 
which are present in the original fatty substance. In the case of oils and 
fats, which consist of glyceiides of the fatty acids, only those fatty acids which 
contain hydroxyl groups in addition to the hydroxyl present in the carboxyl 
group can have the hydroxyhc hydrogen replaced by the acetyl group. 

Ordinary fats and oils contain little or no hydroxy-acid, and they accord- 
ingly give acetyl values which are rarely higher than 10, unless they have 
been exposed to atmospheric oxidation. Castor-oil, however, gives the very 
high value of about 100. 

Waxes, on the other hand, contain free alcohols which assimilate the 
acetyl group, and the acetyl number of a wax is mainly due to the presence 
of this alcoholic hydroxyl. 

Lewkowitsch finds that free fatty acids react upon ono another in such a 
way as to increase the acetyl value, and he accordingly acetylates the original 
tat or wax instead of the fatty acids. He directs the following procedure : 

Boil 10 grams of the substance for two hours with twice its weight of 
acetic anhydride in a round-bottomed flask connected with a reflux-condenser. 
Pour the resulting mixture into a large beaker containing 500 c.c. of hot 
water, and boil for half an hour, passing a slow current of carbon dioxide 
through the solution to prevent bumping. Then allow the mixture to stand 
and separate into two layers, draw off the water by means of a syphon, 
and boil the oily layer with three successive portions of fresh water. 

All the free acotic acid should be removed by this treatment, and this is 
proved by the last portion of washing-water giving no acid reaction to litmus. 

Now separate the acetylated fat from the water, and remove the last 
traces of water by passing the liquid fat through a dry filter-paper, and then 
heating it in a drying-oven. 

Weigh accurately from 2 to 5 grams of this acetylated fat and saponify 
it by treatment with a measured volume of standard alcoholic potash as is 
described in the estimation of the saponification value (756). Evaporate the 
soap solution nearly to dryness to expel the alcohol 3 then dissolve the 



/ 66 ] ACETYL VALUE, MINERAL OIL. 399 

residual soap in water and add an amount of standard sulphuric acid which is 
exactly equivalent to the alkali used for saponification. 

Now warm the liquid gently until the fatty acids separate as an upper 
layer. Syphon off the aqueous solution through a wet filter, and wash the 
fatty acids with hot water until the washing-water is no longer acid. Finally 
titrate the filtrate and washings with dccinoimal alkali, using phenol-phthalein 
as an indicator. From the number of c.c. of alkali used, the number of 
milhgiams of KOH which were required for the removal of the acetyl from 
1 gram of the fat may be calculated. 

If the fat or oil contains volatile or soluble fatty acids, the value obtained 
by the above proccdiue would include the alkali value of the volatile fatty 
acids. In order to find the truo acetyl value in such a case, it is necessary 
to determine the amount of alkali which is required to neutralise any soluble 
fatty acids which were present in the original substance (763), and to deduct 
this from the quantity obtained above. 


Estimation of Mineral Oil in the Fresence of 
Saponifiable Oil. 

765. The separation of mineral oil depends upon the treatment with caustio 
alkali which saponifies only the fatty oils, the unsaponified mineral oils can 
then be extracted by treatment with petroleum spirit. 

Weigh out accurately 10 grams of the oil into a 200 c.c. Jena or Bohemian 
glass flask. Add 10 c.c. of a 50 per cent, solution of NaOH and 50 c.c. of 
alcohol, boil the mixture for thirty minutes in a flask connected with a reflux- 
condenser and then allow it to cool. Now transfer the solution to a separator, 
and shake it with petroleum spirit which boils below 80° C. 

Allow the lower aqueous solution to flow off into another separator and 
again extract it with fiesh petroleum spirit. Mix the two spirit solutions 
and wash them with 50 per cent, alcohol to extract any dissolved soap : then 
pour the washed petroleum spirit into a beaker, allow it to stand covered 
for a few minutes to allow any water to settle, and decant the spirit into a 
tared flask. 

Finally distil off the spirit, dry the residual mineral oil at 100° C., and 
weigh it, 


Estimation of Sulphur in Fuel Oil 
766. The presence of sulphur in oils used for internal combustion engines 
is objectionable. The sulphur may be determined in the oil by the bomb- 
calorimeter (550, b), but excess of bromine-water must bo added to the 
rinsings from the bomb to convert some H 2 S0 3 into H 2 S0 4 before the liquid 
is boiled or precipitated. 
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REMARKS ON THE SCHEME AND THE RESULTS OP THE 
EXAMINATION OP OILS, PATS AND WAXES 

767 . The scheme for the examination of a specimen of an oil, fat, or wax 
by the preceding processes varies somewhat with the object for which it is 
undertaken. 

If the quality and freshness of the sample are under consideration the 
acid value should bo determined, and this number, together with the smell 
and taste, enables an opinion to be formed. 

If adulteration by the admixture of cheaper oils or of mineral-oils is sus- 
pected, the saponification and iodine values should be determined. 

If a mixture ot several oils is being dealt with, however, the problem is 
moie difficult and is sometimes not capable of being solved. 

A few hints are given below as to procedure, and are illustrated by some 
simple examples. 

The observation of the consistency, colour, odour, and taste of a fatty 
substance will in many cases assist in the formation of an opinion. The 
smell is developed when the substance is gently warmed. Many kinds of 
oil possess a distinct colour and smell, and the sample under examination 
should be compared in these respects with a fairly representative sample. 

In ascertaining the nature of the less valuable adulterating oil, which has 
been introduced for the purpose of lowering the cost of a high-priced oil, the 
following table compiled by Lewkowitsch will bo of assistance. The most 
costly oil, fat, or wax is placed at the head of the table, and those which 
follow are placed in the order of their decreasing value. The relative order, 
however, is liable to be disturbed by the alterations in market puce. 


Oils, including Liquid Waxes, 


1. Almond. 

2. Sperm. 

3. Olive. 

4. NeatVfoot. 

5 Lard 

0 Cod-liver. 

7. Arctic sperm. 

8. Arachis. 

9. Poppj’-seed 

10. Sesame. 

11. Seal. 


12. Rape. 

13 Castor. 

14. Cotton- seed. 

15. Maize (corn). 
16 Linseed. 

17. Whale. 

18 Cod. 

19. Japan fish. 
20 Mineral. 

21. Rosin. 
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Fats and Waxes. 


1. Cacao butter. 

2. Butter-fat. 

3. Beeswax. 

4 Carnauba wax. 
5. Chinese wax. 

0 Lard. 


7. Cocoa-nut-oil, 

8. Palm-nut oil. 

9. Tallow. 

10 Paraffin wax. 

11. Palm-oil. 

12. Bone-fat. 


11 a substance under examination 13 a known fat or oil, the properties and 
values given in the Table (993) should be consulted, and the values obtained 
in the examination should then be compared with those given in the Table. 
The tatty acids are then examined if necessary. 

A few examples are appended to help the beginner. 


Ex\mples of Examinations of Oils and Fats. 

768 Estimation of Saponifiable and Unsaponiflable Oils m Machinery Oil. 

Ascertain first the proportion of each class of oils present by the method 
described in paragiaph 765, which will deteimine the percentage of mineral 
oil directly and the saponifiable oil by difference. 

Since the amount of saponifiable oil will be small, it is probably better to deter- 
mine tho saponification value (756) and to calculate the amount of oil from the 
assumption that the fatty acids have mean molecular weight of 193. 

The saponification value in an oil was found to be 20 2. Hence the percentage 
of fatty oil is found by the statement 193 . 20 2 : : 100 : x, 

whence x = 10 40 per cent, of fatty oil. 

In order to determine the character of the oil, the unsaponifiablo oil was 
removed (765), and tho fatty acids were libciated and weighed (761) 10 06 

per cent, of fatty acids were found, corresponding to 10 03 of fatty glycerides. 
The mixed fatty acids gave the follow mg results : 

Iodine value . . . . 78 8 

Neutralisation value by KOH . . . 199 

Both the iodine and the neutralisation values (993) indicate tho presence of an 
animal oil, probably lard-oil, and therefore the absence of vegetable oils such as 
colza-, cotton-seed-, or castor-oil. 

769. Estimation of Neutral Fat and of Free Fatty Acids in a Sample of 
partly saponified Tallow. 

In the technical saponification of fats by supci heated steam, it is frequently 
necessary to ascertain the extent to which saponification has proceeded. 

A specimen of an autoclaved tallow gave the follow ing results : 

Saponification value of the tallow . 203 0 

Acid value 162 2 

The difference, 203 - 162 2 *=* 40 8, corresponds to the neutral fat left un* 
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saponified Hence, assuming that 195 is the saponification value of neutral 
tallow, the peicentago of neutral fat is found by the following statement : 

195 : 40 8 : : 100 : x, whence x — 20*92, or 21. 

Hence the percentage of neutral fat in the treated tallow is 21. and the per* 
centage of free fatty acids is 100 - 21 *■ 79. 

770 Estimation of Free Fatty Acids and Neutral Fat in a Mixture of Fatty 
Acids derived from one kind of Fat and mixed with Neutral Fat of another kind 

In this case the fatty acids must bo determined gravimctrically. About 5 
grams of the sample are accurately weighed and dissolved in hot alcohol, phenol- 
phthalein solution is added, and the fatty acids are neutralised by adding demi- 
normal standard alkali solution until the liquid just becomes of a pink colour. 
The liquid is now allowed to cool, and is then diluted with an equal volume of water 
and shaken with petroleum ether as is described in paragraph 757 . The aqueous 
layer is now drawn off. The remaining other solution is repeatedly washed with 
water, the ether is distilled and the residue of neutral fat is weighed 

The fatty acids are now separated from the above aqueous layer by means of 
mineral acid, and their weight is determined as is described under the Hehncr 
value ( 761 ) Their mean molecular weight may then be calculated ( 762 ), and 
the mean molecular weight of the fatty acids in the neutral fat may be found after 
saponifying the fat and isolating the liberated fatty acids 

If the mean molecular weight of the free fatty acids is known, their quantity 
could bo found, without weighing them, by calculation from the known quantity 
of deminormal KOH solution which was used to neutralise the free fatty acids. 

771 Examination of an Edible Oil — The following numbers were found by 
analysis 

Acid value . . . . . . , .32 

Saponification value . . . , , , 196 1 

Iodine value . . . . . . . 109 3 

Unsaponifiable matter, percentage . . 0 82 

As the sample is practically completely saponifiable it cannot belong to the 
rape-oil group of oils. Its iodine value points to the presence of cotton-seed-oil, 
and the free fatty acids correspond to 1 *6 per cent , taking the mean molecular 
weight as 182 ( 762 ). 

772 Examination of a Mixture of Two Oils —The following example, sold 
as olive-oil, gave on analysis the following numbers : 


Acid value ........ 3*2 

Saponification value 196*1 

Unsaponifiable matter, percentage . . . 0 82 

Iodine-value 93 


The iodine value is too high for olive-oil, and the oil is probably a mixture. 
Oils of the rape-oil class are excluded by the saponification value ( 993 ). Almond- 
oil is excluded by its higher price. The iodine value suggests the presence of 
cotton-seed-oil, and its percentage may be calculated fiom the iodine values. 
If x, y mm the percentages of olive-oil and of cotton-seed-oil, then x + y « 100. 
Taking the iodine value of cotton -seed-oil as 109, and the iodine value of 
85 .r 109 y 

plive-oil as 85, we have - - + *= 93, whence x =» 66 6 per cent, of olive-oil 




PART V. 

ORGANIC ANALYSIS. 


SECTION XIII. 

CARBON AND HYDROGEN BY COMBUSTION. 
NITROGEN BY COMBUSTION AND BY KJELDAHL 
PROCESS. 

OTHER ELEMENTS BY COMBUSTION. 


780. Introductory Remarks. — This section treats of tho general and 
typical methods employed for tho ultimate analysis of organic substances and 
for tho determination of their molecular weights. 

Carbon and hydrogen, tho most common constituents of an organic 
compound, are estimated by burning a known weight of the organic substance, 
and determining sepaiatcly tho weights of caibon dioxide and of water which 
are thus produced. Thoic is no simple method for directly estimating with 
accuracy the proportion of oxygen present, but this is usually calculated by 
difference after the percentages of all the other constituents have been found. 

Several methods for determining nitrogen are described. The estimation 
is an important one, not only for scientific purposes but also in connection 
with the analysis of manures and of agricultural products. 

Methods for estimating the halogen elements, as well as sulphur and 
phosphorus, are also desciibed. 

A large number of other elements may be present in organic compounds. 
As a rule the ordinary methods of estimating these elements in their inorganic 
compounds, which are described in the earlier part of this book, are directly 
or indirectly applicable to their determination in organic substance. 


Estimation of Carbon and Hydrogen in a Solid 
Organic Substance. 

781. Organic Combustion Process.— The method pursued is a modi- 
fication of that first described by Liebig. It consists in heating the 
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organic substance to redness with copper oxide, whereby its hydrogen is con- 
verted into water and its carbon into carbon dioxide. These products are 
absorbed by calcium chloride, and by soda-lime or potassium hydrate solution 
respectively. 

In the method now commonly in use, the “ combustion ” of tho organic 
substance, and tho removal of tho products of combustion, are assisted by 
passing a current of air or of oxygon through the combustion-tube. 

The following apparatus and materials are required for an organic combus- 
tion : 

782 . Apparatus for Purifying the Air and Oxygen used in 
the Combustion. — This apparatus (Fig. 102) is in duplicate, with the 
exception of tho U*tube (c c) and the flask (d). The front wash-bottle (a) 
and tho eprouvettes (h) are used for purifying air, and the corresponding 
vessels behind them are used for purifying oxygen. Tho wash-bottles (a) 
are connected respectively with supplies of air and of oxygen under pressure. 


Fio. 102. 



Absorption Aitaratus. 


Either air or oxygen, or a mixture of both, may therefore be passed in a 
purified condition into tho combustion-tube, by suitably adjusting the clamps 
between the eprouvetto* and the U-tube { c c). 

Both the air and the oxygen finally pass through the U-tube (c) and the 
flask (d) on their way to the combustion- tube. The air is usually passed 
from a gas-holder, Tho oxygen may be transferred to a gas-holder from a 
steel cylinder charged with the compressed gas and provided with a regulator 
for reducing the pressure : the gas will be moist, but will be more under control 
than if it is supplied directly from the steel cylinder. 

The two wash-bottles (a) contain strong sulphuric acid, and serve to dry 
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the gas passing through them : the epiouvettes (6) contain gianulai soda- 
iime, which absorbs the carbon dioxide. Any trace of moisture is subsequently 
removed during the passage of the gas through the calcium chloride in the 
U’tube ( c c). The flask (d) contains strong sulphuric acid and indicates tho 
speed of the current of gas which is regulated by the stop-cock (e). 

The apparatus is fitted up as is shown in Fig. 102. Either rubber 
stoppers or sound corks are used ; tho tops of the corks are cut off level 
with the tube, and the ends are brushed over with melted paraffin wax. Tho 
wash-bottles (a) and the flask ( d ) are one-thiid filled with puro stiong sulphuric 
acid. The lower chambers of the eprouvettes (b) contain bioken glass, and 
the bodies of these vessels are charged with gianulai soda-lime. The U-tube 
(c) is filled with gianular calcium chloiide, a plug of glass-wool being inseited 
in the top of each limb. 

783 . A Combustion-furnace.— Of tho many foims of gas combus- 
tion-furnace in use, Erlenmeyer’s (Fig. 108, p. 422) is perhaps tho most 
convenient. Part of a Glaser furnace is shown in Fig. 102 (p. 404). A 
sheet-iron or fiie-clay trough, lined with a thin layer ot asbestos, should extend 
down the interior of tho furnace, and tho combustion-tube is laid in this 
trough. 

784 . The Combustion-tube.— -Cut off a piece of combustion-tubing, 
about 1*5 cm. in internal diameter, and long enough to pioject about 2*5 cm. 
from each end of tho furnace. Round off the sliaip edges at each end of this 
tube by fusing them in the blow-pipe flame. As soon as tho glass is cold, 
cleanse the inteiior by washing it with a long-stemmed tube-brush m a stream 
of water, or by attaching a plug of cotton-wool to the middle of a piece of 
string about 5 feet in length, and di awing the wetted plug up and down the 
tube ; then rinse tho tube well m a stream of water fiom the tap, and div it 
by heat. 

785 . A Glass Plug to prevent Diffusion is shown at d in Fig. 103 
(p. 407). This is made by drawing off about 2 cm. of a glass tube or lod, 
which just passes into tho combustion-tube (Note). The narrow portion 13 
cut off about 1*5 cm. from the shoulder, and tho end is bent round into the 
form of a loop, or a loop of platinum wire is fused into tho end. This loop 
enables the plug to be withdiawn from tho combustion- tube by means of a 
piece of hooked wiic. The pailial closuie of the tube by this plug during tho 
process of combustion causes tho air-stream to move with greater velocity 
at this point, and thus prevents tho backward diffusion of tho products of 
combustion into the purifying- tubes ( 782 ). 

An additional method for preventing diffusion consists in admitting air 
and oxygen into the combustion-tube through a tube which is only one 
millimetie in boie. 
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Note — An 8 cm cylinder of tightly coiled copper gauze may take the place 
of the glass plug The cylinder should fit the combustion tube, and sfiould have 
been icpcatcdly heated m the blow-pipe flame and cook'd in tlio air so as to be 
Bupeificially oxidised It is placed in tho tube and maintained at a red heat to 
burn any oiganic vapour which may diffuse backwards dunng the combustion. 

786. A Platinum or Porcelain Boat is shown at c (Fig. 103, p. 407) 5 
this boat must be of such dimensions that it can be leadily pushed into the 
combustion-tube. A platinum boat may either be purchased or may be made 
from platinum-foil. 

787 * Copper Oxide. —The copper oxide must be prepared by the direct 
oxidation of metallic copper ; it is usually made by toasting short lengths of 
copper wire in a current of air. If the oxide liac been prepared by tho 
ignition of copper nitrate it often evolves oxides of nitrogen when it is 
heated, and such oxide is quite unsuitable for use in oiganic combustion. 

788. A Sliver Coil and Copper Coil.— A cylinder 8 cm. in length, 
winch just passes into the combustion -tube, is made by tightly coiling the 
metal gauze or sheet (Fig. 103, <7). 

Tho copper coil (809, d) should always bo used if the substance to bo 
burnt contains nitrogen, and tho silver coil when the substance contains a 
halogen clement. 

At a led heat tho copper deoxidises any nitrogen oxide, and the silver 
retains any halogen which is evolved dining the combustion. These gases 
would olheiwiso bo retained in tho absoiption- tubes, and would give rise 
to cuor in the carbon and hydiogeu determinations. 

789. Calcium Chloride Absorption-tube.— The tube h (Fig. 103), 
which is intended to absoib tho aqueous vapour evolved dunng the combus- 
tion, contains gianular calcium chloride (I77)> through which CO 2 has been 
passed if necessity until its solution is neutral to test-paper (Note, p. 107). 

Tho bulb nearest to the combustion- tube is empty, and serves to condense 
much of tho water- vapour which is produced (Note). 

The other bulb and the two limbs of the U-tube are neaily filled with the 
calcium chlonde, after a small plug of glass- w’ool has been placed at tho top 
of the second bulb m older to prevent the calcium chlonde from passing into 
the narrow tube above. 

A second plug of glass-wool is then placed m the other limb of the tube, 
in order to pi event particles of calcium chlonde from entciing the small side- 
tube. The straight limb is either closed with a well- fitting cork, which is 
cut off level with the top of the tube, and is then brushed over with melted 
paraffin wax ; or tho ends of the tube are diawn off in the blow-pipe flame 
and aie thus permanently sealed (a, Fig. 104, p, 408), 
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Note . — The greater part of the water which is produced during the combustion 
collects in the empty bulb, and is emptied out after each combustion as soon as 
the tube has been weighed. The calcium chloride in the tube is thus prevented 
from becoming rapidly saturated with water, and serves for many combustions 
without being renewed. 

790 . Soda-lime Tubes.— These tubes (t, /, Fig. 103) are intended to 
absorb the carbon dioxide which is formed during the combustion. Three- 
quarters of each tube from one end is filled with granular soda-lime, the re- 
mainder of the space being filled with granular calcium chloride. The inlet- 
and outlet-tubes are loosely closed by plugs of glass-wool. The preparation 


Fig. 103. 



of similar absorption-tubes, which has been already described in paragraphs 
177 . 178 , should be referred to. 

All tubes and vessels containing absorbent material must be closed from 
the air except when they are in actual use or are being weighed. 

Potash-bulbs. — Thirty-three per cent, potassium hydrato solution may be used 
instead of soda-lime as an absorbent for the carbon dioxide. The solution may 
be introduced into a bulb-tube of the Liebig or the Geissler pattern. The liquid 
absorbent presents tho advantage over soda-lime of serving as a gauge, since the 
rate at which the current of gas is passing may be ascertained by counting the 
bubbles as they pass. A guard-tube containing granular calcium chloride must 
be attached to the further end of the bulb apparatus, and must be weighed with 
it. This tube prevents moisture from being carried away from the potash-bulbs 
during the combustion. 

The Geissler bulbs with their calcium-chloride tube are shown in Fig. 104 ( b ) : 
they take the place of the U -tubes (» and j) in Fig. 103. A second larger calcium- 
chloride tube (c) is attached to the small tube in order to prevent its contents from 
absorbing moisture from the atmosphere, this is removed during the weighing. 
The potash-bulbs should as a rulp be recharged after they have been used twice. 

791. The Combustion Apparatus is fitted up as follows : About 
two- thirds of the combustion- tube (784) are filled with granular copper 
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oxide (787), the oxide being compactly shaken together (/, Fig. 103). The 
oxide may be kept in its place by means of coiled cylinders of copper-gauze 
placed before and behind it ; each of these cylinders is made by tightly 
coiling a strip of copper-gauze, and is about 2*5 cm. in length and of such 
diameter that it just passes into the combustion- tube. 

Sufficient space must be left in the tube for the insertion of the coil {g) t 
the boat (e), and the diffusion-plug (ri). 

The tube is now laid on the asbestos in the iron trough of the combustion- 
furnace, with its ends projecting about 3 cm. from the furnace, and perforated 
discs of sheet-iron or of asbostos millboard are pushsd upon the ends of the 
tube in order to protect the corks from the heat of the furnace. 

The metal coil (788) is then introduced (g). 

Two rubber corks are now selected to fit the ends of the combustion-tube. 
One cork is perforated to receive the glass tube of millimetre bore (785), it 

Fig. 104. 
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is then inserted into the empty end of the eembustion-tube, and the glass tube 
is connected by means of rubber tubing with the purifying apparatus (782). 

The other cork is perforated to admit the bulbed tube at the end of the 
calcium-chloride tube {789), and this tube ( h ) is inserted so as to project 
through the cork about 0*3 cm. ; the cork is then pushed into the other end 
of the combustion-tube. 

The soda-lime tubes (1, j) are then connected in succession with one another, 
and with the calcium-chloride tube, by means of rubber joints, the soda-lime 
in each of these tubes being in the limb which is nearer to the tube (h). The 
glass tubes are made to touch one another within the rubber joints, and are 
bound with copper binding-wire if the join** are not air-tight. As has been 
already explained, the potash-bulbs with guard- tube (Fig. 104) may take the 
place of the soda-lime tubes. 

792. Now proceed to heat the Combustion-tube, containing the 
copper oxide and the metallic coil, to redness for at least half an hour 
with a current of purified air passing through it, in order to remove all com- 
bustible matter and moisture ; and if the copper oxide has not been recently 
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used in the tube for a combustion, it is best to prove that its contents are no 
longer evolving carbon dioxide or steam, by attaching the weighed absorption- 
tubes ( h , i , j) and continuing the process of heating the oxide in the air- 
current for another half-hour. The tubes are then reweiglied, and should 
have undergone no increase in weight during the process. 

For this purpose weigh the tube (h) without its rubber caps or connections. 
As soon as the weighing is finished, slip a little rubber tube closed with 
a piece of glass rod upon each of its ends, so as to prevont access of 
atmospheric air. Then weigh the tubes (i) and (?) separately, and immediately 
ilose them with similar caps, unless they are so constructed that by turning 
their stoppers contact of the soda-lime with the air can be prevented 

(178)- 

Now connect these tubes with one another, and with the combustion-tube 
as is shown in Fig. 103, and regulate the speed of the current of air passing 
through the appaiatus until the bubbles follow one another through the 
sulphuric acid (a, Fig. 102, p. 404) at such a rate that they can be easily 
counted. 

Remove the absoiption-tubes after they have been in connection with 
the combustion- tube for half an hour, and again weigh them. If any one 
of them is found to have increased in weight more than a few milligrams, 
the above test must be repeated. 

It will be understood that the above process of preparing and testing the 
combustion-tube and copper oxide need only be applied when a now combustion- 
tube and its contents are used, or when the tube has been laid aside for some time. 
A senes of combustions may ordinarily succeed one another without any such 
testing being necessary. 


793. For Practice in the Combustion Process weigh out 
accurately into the boat about 0*25 gram of pure crystallised cane-sugar, 
which has been recently diied in the steam-oven. 

Then connect the parts of the appaiatus together (791), push in the boat 
containing the sugar and the diffusion- tube, and ascertain that the whole 
is air-tight (180). 

The silver and the copper coils ( g ) may be omitted in this case, since sugar 
contains no nitrogen or halogen. 

Now heat the copper oxide (/) to redness, being careful to avoid heating the 
boat and to protect it from radiated heat by a small screen. Start a slow 
current of air through the tube, allowing the bubbles to pass at such a rate 
that they can be easily counted. Then extend the heating to the boat ve v y 
gradually, so as to avoid a rapid evolution of gas and vapour from the sugar. 
The sugar will be slowly burnt away. 




410 


ORGANIC ANALYSIS. 


[ 794 , 


A current of oxygen may be made to mingle with or replace the air-current, either 
throughout or towards the end of the process, m order to facilitate the complete 
burning of the substance , but a cui rent of air must finally be used to replace the 
oxygen from the absorption-tubes before they are weighed. 

As soon as the whole of the sugar is burnt, the current of air is allowed to 
pass slowly for fifteen minutes in order to sweep out the carbon dioxide and 
steam from the combustion-tube, and to reoxidise the metallic copper which 
has been formed by the reduction of the copper oxide. 

If any water condenses in the end (g) of the combustion- tube, it may 
usually be removed by shifting the screen on the end of the combustion-tube, 
so as to allow the tube to become gently heated while the air-current is passing. 
The water must be all transferred by evaporation in the air- current to the 
calcium-chloride tube in this way. 

The absorption- tubes are then detached from the combustion-tube and 
from one another, and their contents are at once shut off from contact with the 
atmosphere. After they have stood for half an hour near the balance-case, 
in order to gain the temperature of the air, each tube is weighed separately. 

The inciease of weight of the calcium-chloiide tube (h) gives the weight 
of water which has been produced by the combustion of the sugar, and from 
this the weight of hydiogen in the sugar can be calculated. The increase of 
weight of the soda-lime tubes (i, 7 ), or of the potash-bulbs with their guaid- 
tube, gives the amount of carbon dioxide which has been produced by the 
combustion of the sugai, and fiom this the weight of caibon in the sugar 
can be calculated. 

The smaller soda-limo tube ( 7 ) serves as a “ guard-tube ” If its weight increases 
during the combustion, either the contents of the first tube (t) are not absorbing 
carbon dioxide satisfactory and require to be replaced by flesh soda-lime, or tho 
combustion has been earned on too rapidly. In either case the guard-tube will 
probably have prevented the loss of any caibon dioxide which has passed through 
the first soda-lime tube. 


794. The Method of calculating the Besults from the weights 
which have been obtained by an organic combustion is shown below : 


Example. — In a particular combustion, 0 4739 gram of pure sugar was 
burnt. 

The calcium-chlondo tube, which weighed 48*709 grams before the combustion, 
gained 0*2763 giam in weight by absorbing tho water formed during the process. 

Tho soda-lime tube, which weighed 58 4891 grams before tho combustion, 
gamed 0 731 gram in weight during the process. 


Theiefore the weight of hydiogen in tho sugar 
And tho weight of carbon in the sugar » 


0 2763 
9 

0 731 x 3 


0 0307 gram 3 
0 1994 gram. 


11 
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Accoidingly the percentage weight of hydrogen 


0 0307 x 100 


And the percentage weight of carbon = 


0 4730 
0 1994 x 100 
0 4739 “ 


0 47: 


42 03. 


Calculating the weight of oxygen by difference, and comparing tho percentage 
results found with those calculated from the formula for cane-sugar, C w II^O n , 
the following statement is the result : 


Theoretical. Found. 


Carbon . 

• 

. 

42 10 

42 08 

Hydrogen 


• 

6 43 

6 47 

Oxygen . 

• 

* 

51 47 

51 45 


Error. 
-0 02 
+ 0 04 
-0 02 


Note . — It may be remarked that, owing to the difficulty of lemovmg moistuio 
entirely from tho substance and fiom the apparatus and tho mateiials used for tho 
combustion, tho percentage of hydiogen which is obtained is usually somewhat 
too high : whilst tho imperfect diying of the substance and a Blight loss of caibon 
dioxide tend to make tho percentage of carbon too low. 


795. Any Incombustible Mineral Matter which is present in an 
organic substance will remain as ash in tho boat. Its weight may be deter- 
mined by weighing first the boat containing the ash, and then the ompty 
boat. 


796. The Presence of Nitrogen in the organic substance leads to 
the formation of nitiogen oxide, which would be taken up in the absorption- 
tubes. To obviate this source of orror, a copper- coil (809, d) is kept at a red 
heat m the front of the combustion-tube (Fig. 103, g , p. 407), and decomposes 
any nitrogen oxide which is pi oducod. The copper oxide and the coppcr- 
coil are first heated to redness, a slow cunent of air is then passed as soon 
as tho combustion is staited, and the combustion of the chaired substance 
is finally completed in a cunent of oxygen, 

A more satisfactory method consists in absorbing any nitiogen oxide by the 
following mixture: A strong solution is prepared from K,Cr0 4 mixed with one- 
tenth its weight of KjCr^Oy ; this is made mto a thick pasto with precipitated 
manganic hydrate, and tho mixtuie is heated until it is dry. About 13 cm. of 
tho front of the combustion-tube is filled with this granulated mixture; it is 
always heated to redness while tho prelimmary current of air 13 passing through 
the tube, and is maintained at a temperature of about 200° C. dunng the process 
of combustion. 


797 . The Halogen Elements present in an organic substance are 
also evolved during the combustion in a condition in which they may remain 
in the absorption- tubes. They should be completely absorbed by causing 
them to pass over a red-hot silver coil (788) placed in tho tube (Fig. 103, g )» 
The halogens may also be dealt with as follows ; 




412 


ORGANIC ANALYSIS. 


[ 798 - 800 , 


Substances which contain Cl, Br, I, S, and P are usually mixed with powdered 
load chromate which has been fused, instead of with copper oxide, and the front 
part of tho combustion-tube is filled with granulated lead chromate instead 
of granular copper oxide (791). In the fore-part of tho tube a reduced copper 
coil (809, d) is placed, and in the hinder portion an oxidised copper coil (785, 
Note). The tube and its contents are dried by heating them only to dull red- 
ness while a current of dned air is passing ; the chromate must not be fused in 
this process. 

Tho powdered substance, mixed with about six times its bulk of recently heated 
powdeied chromate, is mtioduced into the cold tube. The oxidised copper coil is 
then inseitcd g the reduced copper coil is placed m the fore-pait of tho tube, and tho 
combustion is camed out in a slow current of air. The main portion of the chromate 
is heated to dull redness, while about 10 cm. of it nearest to the fiont copper coil 
are kept comparatively cool. As soon as the substance is completely cliancd, a 
current of oxygen may bo passed to complete the combustion. 

798. A Volatile Solid Organic Substance requires to be burnt much 
more carefully than a non-volatile body like sugar. A check against backward 
diffusion of vapour (785) should bo used, and tho substance must only be intro- 
duced into the rear of tho combustion-tube after the front pait of tho tube bar 
been heated to redness, and must then be heated very slowly. 


Combustion of a Liquid Substance or Gas. 

799* A Liquid Organic Substance which is not very volatile or hygro- 
scopic may bo weighed in the boat and burnt in tho usual way. Or it may 
bo weighed in a small glass tube which is scaled at its lower end, and 
this may be loosely closed by a stopper consisting of a small pieco of glass 
rod flattened out at the top (Fig. 127 b, p. 483) : this tube is placed in the 
boat, and tho boat is pushed into the combustion-tube, 

800- A Volatile Organic Liquid is weighed in a little tube with a 
capillary opening, and this is introduced into the combustion- tube. 

Tho little tube is mado by drawing out a short piece of glass quill-tubing into 
capillary boro in two parts about 0 G cm. apart. One of tho capillaries is then 
drawn off close to tho shoit piece of tube so as to seal it, and the other capillary- 
tubo is biokcn off about 3 cm. from tho scaled tube (Fig 127 a, p. 483). 

Before the capillary-tube is broken off, tho little pieco of closed quill-tube into 
which it opens may bo expanded into a bulb by heating it to rednoss while it is 
being constantly rotated in the flame and blowing down the open tube. 

Tho ompty tube is first weighed. The liquid is then introduced into it 
in suitable quantity, by heating the tube and allowing it to cool with the 
end of the capillary immersed in the liquid. The end of the capillaiy-tube 
is then sealed in the flame, and the tube is weighed again. Its gain in weight 
will give the weight of liquid which has been taken. 
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A slight scratch with a file is made near the end of the capillary in order 
that it may be easily broken off, and the end is broken off and placed together 
with the bulb in the boat just before the boat is pushed into the combustion- 
tube. Backward diffusion must be specially guarded against (785, 798). 

801. A very Volatile Substance should be weighed in a special 
tube, from which it may be allowed to escape as vapour into the combustion- 
tube while the liquid is itself outside the furnace. 

A convenient form, which is readily made from a piece of ordinary 
glass tubing, is shown in Fig. 105 . 

The tube is first weighed, and 
is weighed again after the liquid 
has been introduced and both 
ends have been sealed. It is then 
placed either in a dish of cold water, 
or in ice and salt, accoiding to the 
degree of volatility of the liquid. 

When the combustion-tube has 
been heated to redness the hori- 
zontal end (a) of the bent tube is 
opened, and is at once pushed through a hole in the cork of the combustion- 
tube into which it must fit tightly. 

The liquid is then allowed to rise in temperature and evolve its vapour, 
which will pass into the combustion- tube and be burnt. As soon as the 
liquid has volatilised, the upright end (&) of the tube is snapped off, and air 
or oxygen is passed through the tube (793). 

802. Gaseous Organic Substances are burnt by passing them in 
known volume through the combustion and absorption appaiatus which has 
been described for solids (791 ). 


Fro. 105. 



Estimation of Nitrogen in an Organic Substance. 

803. Three methods for the estimation of nitrogen m an organic substance 
are described. 

The Soda-lime Method (804), which consists in heating the substance 
with soda-lime and estimating the ammonia which is evolved* is suitable 
for many organic substances. 

The Kjeldahl Method (807) depends on converting the nitrogen 
Into ammonium sulphate by heating the substance with strong sulphuric 
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acid, and then estimating the ammonia contained in the sulphate. This 
process can be rapidly carried out and is used for the estimation of nitrogen 
in organic substances generally, and especially in manures and vegetable 
products, and in liquid or moist bodies. 

The Dumas or Absolute Method ( 809 ) provides for the measurement of 
the nitrogen which is evolved when the substance is burnt under suitable 
conditions with copper oxide. This process of estimation is applicable to 
all nitrogenous substances. 


Estimation of Nitrogen by the Soda-lime Method. 

804. This process cannot be applied to the estimation of nitrogen in 
nitro-compounds and in certain other bodies. 

The substance is mixed with soda-lime, and the mixture is heated to dull 
redness. The nitrogen in the organic body is thus evolved as ammonia gas, 
which may be estimated in one of the two following ways. The second is 
the more exact, but it is more tedious in execution than the first. 

(1) The ammonia is absorbed in a known volume of standard acid, and 
the amount of acid which remains unneutralised is afterwards determined by 
standard sodium hydrate solution (805)- 

(2) The ammonia is absorbed in excess of dilute hydrochloric acid, and 
the ammonium chlorido thus produced is precipitated as the double chloride 
of ammonium and platinum and is weighed as such ( 806 ). 

805. The Ammonia is absorbed in an Excess of Standard Acid and 
is Estimated Volumetrically. 

The following materials are required for the process j 

(a) A Combustion-tube about 50 cm. long and 1*5 cm. in internal diameter, 
which has been closed at one end and has had the sharp edges of the other 
end rounded in the flame for the reception of a rubber cork. 

(b) A Will and Varrentrapp Bulb-tube , which is fitted into the open end 
of the combustion-tube by means of a tightly fitting perforated cork (Fig. 
106). The end of the bulb-tube projects about 0*3 cm. through the cork. 

(c) Soda-lime both in a state of fine powder and in a granular condition 
(177). The soda-lime must be heated in a dish over a sand-bath until it is 
perfectly free from moisture and from ammonia, and the powder and the 
granular substance are then kept in separate well-stoppered bottles. 
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(d) Fibrous Asbestos, which has been ignited in a porcelain or platinum 
crucible. 

(e) Oxalic acid , which has been heated in the steam-oven until all its 
water of crystallisation has been expelled. 

For Practice in the Process, weigh out carefully about 0\3 gram of pure 
dry urea, CON 2 H 4 , or of pure dry acetanilide, C 8 H 9 ON. Hold the perfectly 
clean and dry combustion- tube in a vertical position, with its closed end 
resting on a square of glazed paper. Introduce into the tube a layer of the 
dried oxalic acid about 4 cm. m depth (Fig. 106, a), and then 4 cm. of the dry 
powdered soda-lime ( 6 ). 


Fio. 106 . 



Combustion -f urn ace 


Soda-lime Combustion Apparatus. 


Then turn out the weighed quantity of urea into a clean dry porcelain 
mortar, reduce it to powder, and add sufficient finely powdered soda-lime to 
fill about 10 cm. of the combustion -tube. Thoroughly mix the urea with the 
soda-lime in the mortar, and pour the mixture into the tube through a funnel 
made by rolling round a piece of glazed paper. When all the mixture has been 
transferred to the tube, rinse out the mortar with a little fresh soda-lime 
powder, and pour this also into the combustion-tube. The mixture and 
rinsings should fill the part of the tube shown by special shading (c). 

Now fill in about 25 cm. of the granular soda- lime ( d ), and finally push in 
a loose plug of the ignited asbestos (e). After the introduction of the asbestos, 
about 2 cm. of the tube should remain clear. 

Finally hold the tube in a horizontal position and tap its whole length 
upon the bench, to make sure that there is a free passage along its upper part 
for the gases which will be evolved. 

Note — If the substance to be burnt is hygroscopic or volatile it should be mixed 
with the powdered soda-lime m the combustion- tube instead of m the mortar. 
The mixing may be effected by a long wire shaped at its end like a cork-screw. 

Now measure out 15 c.c. of normal sulphuric acid ( 285 ) into the bulb- 
tube by means of a fine pipette, and add a little water to make up the liquid 
to the level shown in the figure. Then connect the bulb-tube with the com- 
bustion-tube by means of the cork and make sure that the joint ts gas tight. 
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The tube is now ready to be heated. Lay it upon the asbestos m the trough 
of a combustion-furnace, with the end (e) extending about 2 cm. beyond 
the end of the furnace. Slip upon this end of the tube a circular piece of 
cheet-iron or asbestos cardboard about 8 cm. in diameter and perforated 
in its centre so as to fit the combustion- tube. This will shield the cork from 
the direct heat of the furnace, and will prevent it from being charred. 

Now light the burners under the portions (d) and (e) of the tube, and heat 
them to dull redness. Then gradually extend the heat along the mixture (c). 
The intervention of the powder (b) will prevent the oxalic acid (a) from being 
heated but it is better to insure this by screening the acid with a piece of 
sheet-iron or asbestos millboard. 

When the portions (c), ( d ), and (e) are at a dull red heat, and all evolution 
of gas has ceased, heat the oxalic acid at (a) gently. The gases thus evolved 
will drive out any ammonia gas which is still present m the tube, and will 
insure its absorption by the standard acid. 

Instead of sweeping the ammonia out of the combustion -tube by heating some 
oxalic acid, the tube may be drawn out to a narrow sealed end : when the combus- 
tion is finished this sealed tip is then broken off and a stream of air is drawn through 
the combustion- tube by applying suction at the open end of the absorption vessel. 

Care must be taken that no drops of liquid remain between the asbestos 
{e) and the cork, since ammonia would be dissolved by this liquid. If drops 
are seen, gradually push the lube fuither into the furnace so as to evaporate 
the liquid. 

Now pour the acid fiom the bulb- tube into a beaker, and unse out the 
bulbs several times into tho beaker. Titrate the acid, which remains un- 
neutralised by ammonia, with normal sodium hydrate solution (289), using 
methyl-orange as an indicator : and ascertain by difference the amount of 
acid which has been neutralised by the ammonia. Each c.c. of acid which 
has been neutralised by the ammonia corresponds to 0 014 gram of nitrogen. 

It must be remembered that ammonia may have passed unabsorbed through 
the bulbs, unless some free acid remams at the end of the combustion The 
addition of a small quantity of methyl-orange solution (268) to the acid in tho 
bulbs before the combustion is started will serve to mdicate whether any acid 
remains unneutralised after the combustion is finished. 

806. The Ammonia is absorbed in Excess of Dilute Hydrochloric 
Acid, and is precipitated as (NH 4 ) 2 PtCl 6 . 

The preparation and heating of the combustion-tube is carried out precisely 
as is described above (8(>5)> but hydrochloric acid diluted with four times its 
volume of water, instead of normal sulphuric acid, is introduced into the 
absorption-bulbs. 

After the combustion is finished, the acid solution of ammonium chloride 
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is transferred from the bulbs to a dish, and is mixed with excess of pure 
platinum chloride solution ; the ammonium platini-chloride is then esti- 
mated as is described in paragraph 173. 

The weight of nitrogen contained in the double chloride, and the percentage 
of nitrogen in the organic substance are then calculated (173, Note). 

Instead of weighing the double chloride as such, the salt may be ignited and 
the residual platinum weighed : the weight of nitrogen originally present in the 
double chloride is then calculated from the weight of platinum found. This 
method may follow the weighing of the double chloride, and its result may serve 
as a check upon the result alieady obtained from weighing the salt. 


Estimation of Nitrogen by Kjeldahl’s Process. 

807. This process is suitable for dry or moist solids, and for liquid bodies. 

The substance is first heated with strong sulphuric acid, free from nitrogen 

compounds. The nitrogen of the organic body is thus converted intQ am- 
monium sulphate. 

The acid solution is then heated with excess of sodium hydrate ; and the 
ammonia thus evolved is either absorbed in a known volume of standard 
acid and detei mined volumetrically, or is precipitated as ammonium platini- 
chloride and then determined gravimetrically. 

Any nitrate present in the original substance must be removed, by 
evaporation to dryness with hydrochloric acid and ferrous sulphate, before 
the substance is heated with the strong sulphuric acid. 

Strong Sulphuric Acid free from ammonium sulphate and from oxides 
of nitrogen is required for the process. The freedom of the acid from these 
substances can be ascertained by making a blank experiment as is described 
below (808), using sugar instead of urea. This experiment should yield no 
ammonia, 

808. For Practice in the Estimation, weigh out 0*7 gram of pure dry 
urea or acetanilide into a round-bottomed flask of about 500 o.c. capacity, 
and pour in 20 c.c. of the sulphuric acid. Heat the liquid nearly to boiling 
for an hour. Then add 8 grams of dry powdered potassium sulphate and 
continue the heating. 

The presence of the potassium sulphate in the aoid raises the temperature to 
which the acid may be heated without boiling, and renders it possible to heat the 
liquid sufficiently to complete the necessary change in the organic substance. 
Many organio substances cause the liquid to become dark coloured before the 
sulphate is added, but the liquid almost loses its colour as the reaction advances 
after the addition of the sulphate. 

The addition of a small crystal of copper sulphate expedites the reaction. 

27 
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By this treatment all the nitrogen of the urea is converted into ammonium 
sulphate. The ammonia is then expelled from this ammonium sulphate and 
is absorbed in either of the following ways (1) or (2) : 

(I) The cold acid liquid in the flask is diluted with water. A decided 
excess of sodium hydrate, dissolved in three times its weight of water, is then 
added, the flask is fitted with the absorption apparatus described in para- 
graph 173 , and the ammonia is expelled and absorbed as is there described. 


Fig. 107. 



Ammo xt a Distillation in Steam. 


(2) The sodium hydrate solution described above (1) is added in excess 
to the cold sulphuric acid in the large flask (Fig. 107), and the bent 
delivery- tube from the flask is connected with a vertical condenser (IOl6)« 
The lower end of the condenser-tube is then attached by means of a perforated 
cork to a test-tube, in the bottom of which an opening has been blown while 
the glass is heated to redness. The bottom of the test-tube just dips into the 
absorbent acid in the receiving-flask. 

The ammonia is then driven over into the acid either by simply 
boiling the alkaline solution, or by passing a current of steam from a separate 
vessel through the alkaline liquid as is shown in Fig. 107. 

For the latter procedure the acid liquid should be poured from the diges- 
tion-flask into a flask of greater capacity. 100 c.c. of sodium hydrate solution. 
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containing 357 grams of sodium hydrate per litre, are then carefully poured 
down the inside of the flask, without being allowed to mix with the acid liquid 
The alkaline solution, thus introduced, is more than sufficient to neutralise 
the acid. The apparatus is then connected together (Fig. 107), and steam 
is blown through the liquid in the large flask. The steam mixes the acid and 
the alkaline liquids together, raises the temperature of the mixture, and carries 
over the ammonia into the condenser and thence into the absorbent acid. 

The ammonia may either be received in a known volume of standard acid, 
the unneutrahsed excess of which is titrated after the absorption (295) ; or 
it may be absorbed in an excess of dilute hydrochloric acid, and then estimated 
by conversion into the double chloride of ammonium and platinum, as is 
described in paragraph 1 73 . 


Example — The following are the particulars of an estimation : 

0 788 gram of urea was weighed out, and was tieated as is described above, and 
the resulting ammonia was absorbed in 100 c c of normal sulphuno acid. 

This solution was made up to 250 c c , and was then added from a buretto to 
neutralise 10 c c of a sodium hydrate solution, corresponding to 10 03 c c. of a 
normal sodium hydrate solution ; 34 c c. of the acid solution were required to 
neutralise this alkali. 

Therefore the volume of acid not neutralised by the ammonia = 

^_ 2 ig„ 73 76 oc. 

34 


And the volume of acid neutralised by the ammonia = 100 - 73 76 = 26*24 c.o. 
Now since each c c. of the normal acid corresponds to 0 017 gram of NH V 
containing 0 014 gram of N, the weight of nitrogen m the urea =26 24 x 0 014 = 
0*36736 gram. 


And the percentage of nitrogen in tho urea 


0 36736 x 100 
0 788 


46 61. 


Estimation of Nitrogen by Dumas’ Method. 

809. This Method depends upon the Measurement of the Volume of 
the Nitrogen, which is evolved by the Combustion of the Substance. 

The method is applicable to the analysis of all organic compounds 
containing nitrogen. 

The organic substance is heated with copper oxide in an atmosphere of 
carbon dioxide gas. The constituent elements, nitrogen, carbon, and hydrogen, 
are then evolved as nitrogen, carbon dioxide, and steam respectively. These 
products are passed through cold strong potassium hydrate solution into the 
measuring- vessel, in which the nitrogen alone collects in the gaseous condition. 
The volume of gas thus obtained is corrected for temperature and pressure- 
and its weight is then calculated. 
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The following materials are required for the process : 

(a) A Combustion-tube , from 1*3 to 1*6 cm. in diameter, and 70 cm. in 
length. The tube is cleansed and dried, and is then sealed at one end by draw- 
ing it out in the blowpipe flame ; the other end has its edges rounded in the 
flame for the reception of a cork. 

(b) Magnesite in pieces the size of a pea, or pure dry sodium bicarbonate 
which has not been prepared by the ammonia-soda process. 

(c) Copper Oxide in both the powdered and the granular condition. The 
oxide must have been prepared by the oxidation of metallic copper, since 
when it has been prepared from copper nitrate it frequently contains 
nitrogen. It must have been ignited shortly before it is used. 

(d) A Copper Spiral , or a Roll of Copper Qauze, about 8 cm. in length, 
and of such diameter as just to fit the combustion- tube. Before using the 
coil, its surface should be freed from organic matter and rendered metallic 
by being ignited first in a current of air and then in a stream of hydrogen 
gas. 

This result may be more readily attained by holding the copper-roll with 
crucible-tongs in the tip of a largo blowpipe flame until it is heated to redness, 
and thon dropping it while red-hot into a little methyl alcohol contained in a large 
test tube. 

For Practice in the Process, weigh out 0*15 gram of pure dry urea. 
Introduce first into the end of the combustion-tube (Fig. 106, p. 415) a layer 
of magnesite (b) about 10 cm. in length, then about 8 cm. of the granulated 
copper oxide (c), and make each layer settle down compactly by tapping the 
tube while it is in a vertical position. 

Now mix the urea intimately with some of the finely powdered copper 
oxide (c) in a glazed mortar, and introduce the mixture into the tube by means 
of a wide-stemmed funnel. Rinse out the mortar with a little fresh copper 
oxide, and pour this also into the tube. The mixture and rinsings should 
occupy about 12 cm. of the tube after they have been rendered compact by 
tapping the tube. 

The mixing of the substance with the powdered copper oxide is more easily 
effected in the tube than m the mortar, by using a long wne bent into a corkscrew 
shape at its end. 

Next add a layer of about 25 cm. of the granular copper oxide, and then 
push in the recently deoxidised copper roll. Tap the whole length of the tube, 
held in a horizontal position, upon the bench, so as to form a free passage 
along the upper part for the evolved gases. Attach a bent delivery-tube by 
means of a perforated rubber cork (Fig. 108, p. 422), and slip upon the end 
of the combustion-tube a perforated piece of asbestos cardboard in order to 
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prevent the overheating of the cork. The tube is now ready for the 
combustion process. 

Lay the combustion-tube in the trough of the combustion-furnace, and 
proceed to heat the granular layer of copper oxide in the front of the tube, 
gently heating at the same time the front half of the magnesite. 

When the evolution of carbon dioxide has continued for some time, test 
the gas by collecting it in a vessel containing solution of potassium hydrate, 
in order to see if it is free from air. 

For this purpose the gas may bo passed into the special collecting apparatus, 
the construction and use of which are described in paragraph 8lO. If this 
apparatus is not at hand, the end of the delivery- tube is dipped just beneath 
the surface of mercury contamed m a trough, and a small test-tube or the 
graduated tube mentioned below, one-third of which is filled with mercury and 
the remainder with potassium hydrate solution, is supported over the end of the 
delivery-tube. 

In filling this tube introduce the necessary quantity of mercury into the 
inverted tube, and remove any air- bubbles which adhere to the interior. Then 
pour in the potash solution until it reaches to 0 5 cm. of the top, and carefully 
add water until the tube is quite full. Now slide a glass plate over the mouth 
of the tube, invert the tube with its mouth under the mercury in the trough, 
withdraw the glass plate, and support the tube secuicly over the end of the 
delivery -tube. In this way contact of the potash solution with the fingers may 
be avoided, since the lower specific gravity of the water causes it to float on the 
potassium hydrate solution. 

When each bubble of gas from the combustion-tube is completely absorbed 
by the potassium hydrate solution, all the air has been expelled from the tube. 
If the bubbles are not completely absorbed, continue to heat the magnesite 
until the caibon dioxide has entii ely expelled the air. Not more than half 
the magnesite must be heated for this puipose, and when the air has been 
completely removed one burner only should be left to heat the magnesite. 

Now proceed to arrange the apparatus for the collection of the nitrogen, 
which is evolved during the combustion. 

If the special form of apparatus, just referred to, is employed, it will be already 
in position, and it will only be necessary to remove any air from the interior, and 
to proceed as is directed in paragraph 8 10 . 

As a substitute for this apparatus a graduated tube of 150 o c. capacity may 
be used. Two-thirds of this tube are filled with mercury and the remainder with 
a concentrated solution of potassium hydrate by the procedure described above, 
and the tube is securely clamped over the end of the delivery-tube in the mercury 
trough (Fig 108, p 422). The tube may have a stop-cock at its end, which must be 
accurately ground and made air-tight with vaseline, and this stop-cock facilitates 
the removal of any air which has been already collected m the tube. 

As soon as the collecting apparatus has been duly arranged, and the front 
part of the combustion-tube containing the copper oxide and the copper coil 
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has been heated to redness, gradually heat the mixture containing the sub- 
stance from the front backwards. 

When the evolution of gas from the delivery-tube has altogether ceased, 
heat the remainder of the magnesite. The carbon dioxide thus evolved 
will sweep out the nitrogen which remains in the combustion-tube. Now 
shake the gas collected in the tube, in order to bring it into contact with the 
caustic potash solution and to remove any carbon dioxide which may have 
escaped absorption. 

When the volume of the gas undergoes no further decrease it is read off 
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Combustion for Nitrogen. 


with the following precautions, and represents the nitrogen evolved from the 
organic substance : 

If the special collecting apparatus has been used, the process of reading off the 
volume of nitrogen is conducted as is directed in paragraph 8 10 . 

If the gas has been collected as is shown in Fig. 108, the measuring- tube is 
removed by means of a small porcelain dish filled with mercury, and is placed in 
a large cylinder of water which should bo at the temperature of the laboratory. 
The mareury and caustic potash solution are allowed to fall out of the measuring- 
tube into the water, and the measuring-tube itself is then entirely immersed. 

As soon as the nitrogen has gained the temperature of the water, the measuring- 
tube is raised until the water is at the same level both outside and inside the tube, 
and the volume of the gas is read off. 

As soon as the volume of the nitrogen has been read, take the temperature 
of the surrounding water and the barometric pressure, and calculate the weight 
of the nitrogen from these data by means of the following formula ( 835 - 839 ) : 
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v x (p-w) x 273 x 0001257 
Weight of N - 760 x (273 + T) « ram ' 

where v — volume of nitrogen in c.c. ; 
t — temperature of the water; 
p = barometric pressure, reduced to 0° ; 
w = the tension of aqueous vapour at t 
0-001257 

conditions. 


the weight of 1 c.c. of nitrogen under normal 


In order to be able to correct the result thus obtained for unavoid- 
able errors, a blank experiment should be carried 
substance which contains no nitrogen. Pure sugar 
may be used for the purpose. The volume of gas 
which is obtained represents the amount of nitrogen 
which is introduced during the process, and should 
not exceed 1 c.c. ; it must be deducted from 
the volume of nitrogen obtained in each estima- 
tion before the percentage weight is calculated. 

8 10 . A Special Form of Apparatus, in which the 
nitrogen may b« both collected and measured, is repre- 
sented in Fig. 10 K It consists of a graduated 100 c.c. 
burette (A), which is supported in a heavy foot and is 
furnished at the top with an accurately fitting stop-cock 
(c) lubricated with vaseline. The burette is connected by 
a side-tube (a) with a reservoir (B) by means of a flexible 
rubber tube which has been soaked in melted paraffin 
wax. A second side-tube (b) is connected with the 
burette, at a point about an inch and a half lower down 
than the first (a), and is inclined upwards. 

Mercury is poured in through the lower side-tube (b) 
until it rises about 1 cm. above the joint, and the tube 
is then closed. The reservoir (B) is now charged with 
a solution of potassium hydrate, prepared by dissolving 
the solid in an equal weight of water, the stop-cock (e) 
is opened, and the reservoir is raised until the potash solution fills the burette. 
The stop-cock is then closed, and the reservoir is lowered and is fixed by the clamp 
near the bottom of the burette. 

The side-tube (b) is now opened, and the delivery-tube from the combustion 
apparatus is passed through it into the burette. When only a very minute 
bubble of nitrogen remains from each bubble after it has been acted on by the 
solution of alkali in the burette, the carbon dioxide which escapes during the 
preliminarv heating of the magnesite may be considered to be free from air. 

The delivery-tube is then removed and its end is immediately immersed in 
some water to close it from the air ; the tube ( b ) is closed, and the air is expelled 
from the burette (A) through the stop-cock (c) by raising the reservoir ( B). The 
stop cock is then closed, and the reservoir is lowered and clamped near the bottom 


>ut with an organic 
Fig. 109. 



Nitrogen. 
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of the tube (A). The tube (b) is now opened, the dchvciy-tube is once moie inserted 
into the side-tube (b), and the process of combustion is proceeded with, all gas 
which is evolved during the combustion being collected in the burette (A). 

As soon as the evolution of gas ceases, the mtiogcn is swept out from the 
combustion- tube by the carbon dioxide which is expelled by heating the residual 
magnesite, the deliveiy-tube is withdrawn from the side-tube ( b ) and the side- 
tube is again closed. 

The gas is then allowed to stand in the burette for about an hour in order that 
the absorption of the carbon dioxide may be complete. The volume of the nitrogen 
is now read, after the reservoir has been raised sufficiently to bring the suiface of 
the liquid in it to the same level as that in the burette, and the temperature of the 
surrounding air and its pressuie are also lead. This volume will require to be 
corrected for temperature and pressure by the formula on page 423, the vapour 
pressure of strong solution of KHO being taken as halt that ot water at the 
corresponding temperature. 


Estimation of Chlorine, Bromine and Iodine in an Organic 

Substance. 

8xx. Two methods are here described for estimating halogens in organic 
bodies, in both of which the halogen is ultimately weighed m combination 
with silver. 

In the first process (8l2) the substance is burnt with lime, or with soda- 
lime, and the calcium halogen salt thus produced is dissolved out and pre- 
cipitated by silver nitrate solution. 

In the second process (814) the substance is decomposed by heating it 
under pressure with strong nitric acid in the presence of silver nitrate : in 
this case the silver halogen salt is directly produced. 

The first method is the more generally applicable, but the second method 
will as a rule be found the more convenient of the two. 

8l2. Ignition with Lime, or with Soda-lime.— The powdered solid sub- 
stance is mixed with lime or soda-lime, and the mixture is heated strongly ; 
the halogen is thus obtained in combination with calcium. 

The cooled mass is then dissolved m nitric acid, excess of silver nitrate 
solution is added to this liquid, and the halogen is precipitated and weighed 
in combination with silver. 

The process is rendered somewhat tedious, by the necessity of using a 
large quantity of nitric acid to neutralise and dissolve the alkaline mass. The 
operations of filtration and washing the precipitate and filter become therefoie 
somewhat lengthy. 

The Lime or Soda-lime which is used for the combustion should be free 
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from chloride. If it contains chloride, the amount of chlorine present must 
be estimated and allowed for, and a known quantity of the lime or soda-lime 
must therefore be used in each determination. 

The quicklime may be readily prepaied by breaking marble into small 
pieces of similar size (177)* introducing it into a clay crucible, and heating 
it strongly in a muffle or m a wmd-f urnace for several hours. The lime thus 
prepared is removed from the crucible as soon as it is cold, and is pieserved 
in a well -stoppered bottle. 

The soda-lime in a granular condition (177) heated strongly to expel 
moisture, and is stored in a stoppered bottle. 

8 i 3 . For Practice in the Estimation weigh accurately about 0*2 gram of 
finely powdered chloral hydrate, CC1 3 CH(0H) 2 . 

Cleanse a piece of combustion-tube, about 50 cm. in length and about 
1 cm. in diameter, close one end by drawing it out in the blow-pipe flame, 
and fuse the sharp edges of the open end in the flame. 

Fill about 5 cm. of the tube with the powdered lime or soda-lime, and 
add the weighed substance. 

Now introduce another 5 cm. of the powdered lime or soda-lime into the 
combustion-tube, and mix the substance with tins portion by pushing down 
into the tube a long bright piece of wire which is bent like a corkscrew at its 
end, and turning this wire round in the powder and substance. Almost fill 
the rest of the tube with granular lime or soda-lime, and then insert a loose 
plug of asbestos. 

A volatile organic liquid would be dropped into the combustion- tube in a small 
tube or bulb with a capillary opening (800) after the first 5 cm of lime-powder 
have been introduced, or it might be introduced m the form of vapour as is 
directed in paragraph 80 1. 

Either leave the end of the combustion- tube open, or draw it out into 
a narrow tube which is bent obliquely and has its end just immersed beneath 
the surface of some water contained in a small beaker during the process of 
combustion (Fig. 74, p. 122). 

Now lay the tube in the trough of the combustion-furnace, and heat the 
front portion containing the granular lime to redness. When the lime is 
red-hot, gradually extend the heat to the mixture. 

As soon as the decomposition is complete, transfer the contents of the tube 
to a beaker after cutting off the narrow end of the tube if it has been drawn 
off. Then linse out the tube with dilute nitric acid into the beaker 
(Note), and add more nitric acid and stir until the lime is completely 
dissolved. Now filter off any particles of carbon and glass, add an 
excess of silver nitrate solution to the clear liquid, and filter off, dry, 
ignite, and weigh the precipitate (149-152); or alternatively neutralise 
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the nitric acid solution, and then titrate the halogen by standard silver 
nitrate solution ( 373 ). 

Note — If iodine is liberated during the combustion, it must bo converted into 
hydnodic acid by means of sulphurous acid before the nitric acid is added. The 
iodine may be partially conveited into lodate dunng the combustion, and this 
must be converted into iodide by adding sodium sulphite to the mtnc acid 
solution befoie the iodide is estimated by silver nitiate. 

814. Cairns’ Method for Estimating the Halogens.— The organio 
substance is mixed with fuming nitric acid and silver nitrate, and the mixture 
is then heated for several hours in a sealed glass tube. The halogen is thus 
obtained in combination with silver, and is weighed in this form. 

The Process of Estimation . — Cut off a piece of thick-walled Jena-glass tube 
or combustion-tube, about 50 cm. in length and 1*5 cm. m diameter. Seal 
up one end in the blowpipe flame, being careful to make tho end strong and 
round in shape, and to anneal tho glass well by allowing it to cool down slowly, 
finally in the luminous flame. This is the digestion-tube. 

For practice in the process weigh out accurately about 0*2 gram of chloral 
hydrate, CC1 3 .CH(0H) 2 , in a small weighed piece of quill-tubing which is not 
less than 3 cm. in length and is sealed at one end. 

If the substance is a volatile liquid, it is scaled up in a small thin tube (Fig. 127, 
a, p 483) or m a thm bulb-tube. The bulb-tube may be mado from a thin- walled 
ignition-tube, 0 5 cm. broad, by heatmg its closed end in the flame and blowing 
it out into a bulb about 1 5 cm. in diameter. When tho tube is cold it is weighed, 
and the substance is introduced. The upper part of the tube is then drawn off 
and sealed by holding it in a blowpipe flame, and tho two paits of the tube with 
tho inclosed substance aio weighed Tho gain in weight of tho tube gives the 
amount of substance taken. The portion of the glass diawn olf fiom the bulb is 
weighed at once, and the weight is noted down for subsequent use (p. 428). 

Introduce into the digestion- tube about twice as much solid silver nitrate 
as is theoretically required to furnish sufficient silver to combine with the 
halogen. Then pour in 2 c.c. of fuming nitric acid, and push the tube contain- 
ing the substance down the interior of the digestion- tube until it reaches 
within about 5 cm. of the acid. The small tube will adheie to the glass 
surface, owing to its being wet with nitiic acid. Tho greatest care must be 
taken not to allow the acid or its vapour to reach the substance in tho 
open tube ; if the substance is contained in a sealed tube or bulb this danger 
is avoided. 

Now draw out and seal the open end of the digestion-tube. For this 
purpose hold the tube in a slanting position, so that its contents remain un- 
disturbed m their relative positions, and the acid does not reach the substance. 
Gradually heat the tube at about 10 cm. from its open end, rotating it con- 
tinually in the flame, until its sides soften and thicken and begin to fall together. 
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Air-bath for Heating Sealed Tubes. 

the small tube down to the bottom, or if the substance has been sealed in a 
bulb-tube break the bulb by shaking the digestion- tube. The tube is now 
ready to be heated in the air-bath. 

The Air-bath (Fig. 110) is a stout sheet-iron box 60 cm. in length. 
Four pieces of iron gas-pipe, open at both ends and 5 cm. in internal diameter, 
pass through holes in the ends of the box. The projecting ends of these pipes have 
a screw-thread turned on their surface, and a lock-nut is screwed upon each of them 
in order to keep the tube in position. 

A thermometer in a perforated cork is inserted into a hole in the top of the 
bath, and serves to register the temperature of the interior. A Fletcher burner 
suitable for heating the bath uniformly is shown in the figure. 

When the bath is in use, a sheet-iron cover is placed over it ; this rests upon 
the upper surface of the bath, it is open at the bottom, and the sides and ends are 
half an inch distant from the bath itself. The cover is kept in position by two 
studs fixed in the upper surface of the bath, which pass through corresponding 


Then gradually draw off the upper part, leaving a thick-walled sealed capillary 
end, and carefully anneal this by cooling it first in the luminous flame and 
finally in the air. 

Now place the tube in a loosely fitting wrought-iron tube, and close this 
with a screw-cap in order to prevent accident if the glass should burst under 
the pressure to which it is subjected. It is well to wrap the tube in a 
sheet of filter-paper before placing it in the iron tube, so as to lessen the 
risk of fracture. Then tilt the tube sufficiently to cause the acid to rinse 


Fig. 110. 
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holes in the top of the cover. This cover renders the temperature in the bath 
more uniform. 

It will be seen that four tubes can be heated at the same time in the air-bath. 

The bath should be slightly tilted, in order to prevent the liquid in the digestion- 
tubo from entering the sealed capillary while the tube lies in the bath. 

When the sealed tube has been inclosed in the wrought-iron tube and 
the cap has been screwed on, introduce it into the broader tube of the air- 
bath, place the cover over the air-bath, and light the burner. Watch the 
thermometer carefully, and allow the temperature to rise until it reaches the 
desired temperature ; then maintain the bath at this temperature for several 
hours by properly regulating the supply of gas to the burner. 

A temperature of 300° C. is sufficient to insure decomposition in all ordinary 
cases. A lower temperature will frequently suffice, and some simple bodies will 
be decomposed at a tomperaturo of 150° C. 

Then allow the bath and tube to become quite cold, take off the cover, and 
proceed to remove and open the tube in the following manner : 

The tube inclosed in its protecting wrought-iron jacket is taken out of the 
air-bath in the jacket, the cap is removed, and the capillary end is slid out 
of the jacket. Care must be taken not to allow the open end of the iron tube 
to face the person, since there may be very considerable gaseous pressure 
within the tube, and an explosion which may occur should take place away 
from the person. The capillary end projecting from the air-bath is drained 
from any adhering liquid, is then heated in a Bunsen flame until the glass 
softens and the gas forces an exit and escapes. 

When the substance requires to be heated for a long time with the acid to a 
high temperature, it is best to allow the tube to cool and to poimit the gases to 
escape from the cold tube once or twice dunng the process of heating, the tube 
being sealed again each time before the heating is proceeded with. This precaution 
will often save the tube from bursting. 

If thoie is any doubt about the oxidation of the substance being complete after 
the capillary has been opened m an oidinary determination, the tube should be 
sealed up and re-heated. 

As soon as the issue of gas ceases, the end of the digestion-tube is cut off 
with a file, and the contents are rinsed out with water into a beaker. Any 
large pieces of the small glass tube or bulb are removed and washed, then 
dried in the steam-oven and weighed, the weight of the end which was drawn 
off during the sealing, if a glass bulb was used (p. 426), being added. The 
difference between this weight and that of the original bulb or tube represents 
the weight of the small pieces of glass which remain in the silver chloride. 

The acid liquid is then diluted and boiled for a few minutes, and the silver 
salt is filtered off (Note), washed, dried, and weighed ( 149 ). The weight of 
any small glass fragments, which has been already determined, is then 
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deducted and the true weight of the silver salt is thus obtained. From this 
the weight of the halogen and its percentage is calculated. 

Note — If iodine is present in the organic substance, the silver nitrate and 
silver iodide sometimes fuse together into a yellow mass The silver nitrate must 
be removed from this mass, by heating it in the diluted liquid for one or two hours. 


Estimation of Sulphur in an Oroanio Substance. 

815* The Sulphur in the Organic Substance is oxidised and 
converted into Sulphate ; it is then precipitated and weighed as 
Barium Sulphate — Any of the methods mentioned below may be used. 

816. Oxidation by Nitric Acid, as it is effected in Carius’ method 
for determining the halogens (814), is suitable for the estimation of sulphur. 
The substance is heated with strong nitric acid of 1*5 specific gravity as has 
been already described (loc. cit.), the silver nitrate being omitted, and the 
sulphur is thus converted into sulphuric acid. 

When the tube is cold, its contents are transferred to a porcelain dish. 
The excess of nitric acid is removed by evaporating the liquid nearly to dryness 
on the water-bath after adding an excess of hydrochloric acid, some sodium 
chloride being also added to fix the sulphuric acid. The liquid is then diluted, 
and the sulphur is estimated as BaS0 4 (133). 

817. The Methods of estimating Sulphur in Coal (550) and in 
Zinc-blende (142), are also applicable to its estimation in many organic 
substances. 


Estimation of Phosphorus in an Organic Substance. 

818. An Organic Substance containing Phosphorus is subjected to the 
processes described above (8l6, 8l7)» and the phosphorus is thus converted 
into phosphate. The solution obtained by any one of these processes is then 
rendered alkaline, if necessary, by adding ammonium hydrate, and the 
phosphate is precipitated with magnesia mixture (167) and estimated as 
Mg a P 2 0 7 (166), 




PART Y -SECTION XIY, 


THE DETERMINATION OP THE MOLECULAR 
WEIGHT OP A SUBSTANCE. 


819. Tho first two methods ( 820 , 821) are usually applied to basic or 
acid organic substances which are not volatile without decomposition. 
They dopend upon the formation of definite bodies of a saline natuio, and 
require a previous knowledge of the basicity of the substance. 

Tho third and fourth methods (822-824) depend upon tho lowering of the 
freezing-point or tho raising of tho boiling-point of a solvent in which the 
substance has been dissolved ; they are applicable to many organic and to 
somo inorganic substances. 

Other methods are subsequently desciibed, which are applicable omy to 
volatile substances and depend upon determining their vapour densities 
(920-928), 


Determination of the Molecular Weight of an Organic Acid. 

820. The Molecular Weight of an Organic Acid may sometimes be 
determined by preparing an Insoluble Metallic Salt from the Acid, 
and then estimating the Weight of the Metal in a known Weight of 
the Pure Salt. 

Since silver is a monovalent metal and forms many insoluble salts, the 
silver salt is generally selected : but in certain cases the barium or lead 
salt is converted into tho sulphate by evaporation with strong sulphuric 
acid and subsequent ignition, 

Thus the combustion of pure acetic acid gives the empirical formula 
CH a O for this acid, and it is evident that either this formula or some multiple 
of it will represent the moleculo of acetic acid. 

Only one acetate of tho monovalent metals can bo obtained, and acetic 
acid is accordingly inferred to be monobasic. 

The morecular weight of acetic acid may therefore be determined by prepar- 
ing pure dry silver acetate, and then igniting a known weight of this salt and 
weighing the residual silver. From this result the weight of the silver salt 
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which contains 107*98 parts of silver may be found by calculation. This will 
be the molecular weight of the silver salt, and by subtracting from this 
molecular weight the atomic weight of silver, and adding that of hydrogen, the 
molecular weight of the acid will be obtained. 

Example —Two grams of pure dry silver acetate gave on ignition 1 2934 grams 
of silver. 

Now the weight of silver thus found will stand in the same ratio to the atomic 
weight of silver, as the weight of the silver acetate, which was taken, does to the 
molecular weight of silver acetate. 

107 98 x 2 

Therefore the molecular weight of silver acetate ~ 166 97. 

And the molecular weight of the acid * 166 97 - 107 98 + 1 59 99. This 

molecular weight corresponds to the molecular formula C 2 H 4 O r 

From a polybasic acid more than one corresponding salt of a monovalent 
metal may usually be prepared. These salts will contain different pei cent ages 
of the metal, and from a study of the relative proportions of metal present in 
them, the basicity of the acid may usually be mfened. 

For Practice in the Estimation prepare some pure silver succinate, by 
adding a moderately strong solution of silver nitrate to solution of sodium or 
ammonium succinate. Filter off the silver succinate, remove dissolved salts 
from it by washing, and dry the salt at as low a temperature as possible. 

Now weigh accurately about 1 gram of the silver succinate into a 
covered porcelain crucible of known weight, heat it very gently at fust, 
but finally to a red heat for a short time, and woigh it; then repeat the 
processes of heating and weighing until the weight of the residual silver is 
constant. 

Now calculate the molecular weight in the way already described. Since, 
however, succinic acid is known to be dibasic, it is evident that 2 x 107*98 
must be subtracted from the molecular weight of the silver succinate, and 
2x1 must be added to the remainder, in order to obtain the molecular weight 
of the acid. 


Determination of the Molecular Weight of an Organic Base. 

821. Certain Organic Bases, notably the Alkaloids, combine with 
Hydrogen Chloride and Platinum Chloride to form Double Salts. — 
These resemble in constitution the double chloride of ammonium and 
platinum, 2(NH 3 HCl).PtCI 4 , the organic base taking the place of the NH 3 . 

The molecule of the double salt therefore usually contains two molecules 
of the organic base, and if R represents a monovalent organic base, the 
general formula of the double salt will be 2(RHCl).PtC! 4 . When the molecular 
weight of this organic double salt is known, the value of R can be calculated. 
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since the weight of the other elements present in the molecule is known and 
can therefore be subtracted. 

The method of procedure is identical in principle with that which has been 
already described (820)* The pure dry double salt is prepared, and a suitable 
quantity of it is weighed ; this is then ignited in the air until it is free 
from carbon, and the weight of the residual platinum is ascertained* 

The molecular weight of the double salt is then obtained from the following 
proportion statement : 

The weight of "l # atomic weighty f weight of donl 1l»"\ # f molecular weight 
Pt found / * \ of Pt / * ' \ salt used / ’ ^ of doublo salt. 

The molecular weight of a monovalent base is then found by subtracting 
from the molecular weight of the double salt the weight represented by 
H a PtCl 6 , and dividing the remainder by 2. 


Example. — 2 32 grams of caffeine platino-chloride yielded 0*57 gram of 
platinum. 


Hence the molecular weight of the double salt = 
Therefore tho molecular weight of caffeine =• 


195 5 x 2*32 
057 

795 7 - 410 2 
2 * 


- 795 7. 
192 7. 


For Practice in the Estimation dissolve some pure caffeine or para- 
tolnidine in dilute hydrochloric acid, and add to the solution a moderate 
quantity of platinum chloride solution. Filter off the yellow or orange 
precipitate of the double salt, wash it about six times with alcohol, and 
dry it in the steam-oven. 

Now weigh out 1*5 gram of this double salt into a weighed porcelain 
crucible, and hoat it gently at first and then strongly. Continue the ignition 
until all the carbon is burnt away, stirring occasionally so as to promote the 
combustion of the carbon. Then weigh the residual platinum, and repeat 
the processes of heating and weighing until the weight of the platinum is 
constant. From this weight proceed to calculate the molecular weight of 
the alkaloid as is described above. 


Determination of Molecular Weight by the Freezing-point 
Method (Raoult). 

822. The Molecular Weight of a Substance may often be deter- 
mined by the Lowering of the Freezing-point of a Solvent in which 
the Substance has been dissolved.— This method is of special value in 
the case of substances whose molecular weights cannot be determined by the 
preceding methods (820, 821), or by taking their vapour densities (920-928). 

The method depends upon the fact that if quantities of different substances, 
which are proportional to their molecular weights, dissolved in equal 



823.] 


BY THE FREEZING-POINT METHOD. 


433 


amounts of the same solvent, the freezing-point of the solvent is in every 
case depressed to the same extent. This depression varies directly with the 
amount of substance used, and inversely with the amount of the solvent. 

Hence the depression of the freezing-point of the solvent, which is caused 
by dissolving the molecular weight in grams of a body of known molecular 
weight in a known weight of the solvent, is first ascertained. The molecular 
weight of any other substance can then be readily found, if a known weight 
of that substance is dissolved in a known weight of the same solvent, and the 
depression of the freezing-point which is thus caused is noted. 


The Formula required for Calculating the Molecular Weight is deduced as 
follows : 

If M = the molecular weight of the substance dissolved ; 

K =» the Molecular Coefficient of Depression , or the depression of freezing- 
point produced by dissolving the molecular weight of the substance 
in grams in 100 grams of the solvent ; 

W = tho weight in grams taken of the substance, the molecular weight of 
which is required ; 

S = the weight of solvent ; 

D = the observed depression of freezing-point ; 


Then the depression (D) is proportional to the number of gram-molecules of 

W 100 

substance which have been dissolved in 100 grams of solvent, or to — x — : hence 

M o 


W x 100 
D : K • : — - : 
M xS 


D — 


K 


W x 100 

— — , and M =* 

M x S 


1, or 

W x 100 
K D x 8 " 


823. The Process of Determination is conveniently carried out in the 
apparatus of Beckmann (Fig. 111). 

The glass tube A contains a stirring-rod made of stout platinum-wire, and 
a thermometer D which can indicate hundredths of a degree. 

The capillary- tube of the thermometer usually has a bulbous space at the top, 
which can receive some of the mercury, and thus enable the height of the mercury- 
thread to bo adjusted to suit various freezing-points The variation in the quan- 
tity of mercury present m tho stem of the thermometer in different pairs of deter- 
minations does not affect the accuracy of the result, because only the difference 
between the freezing-points of the solvent and of tho solution is required and not 
the actual temperatures of freezing, 

A weighed quantity of the solvent is introduced into the tube A, which 
is then placed in a somewhat wider tube B , and an air- jacket is thus formed 
between the tub8 A and the outer vessel B. The external vessel C contains 
a stirring-rod, and either water or a freezing-mixture the temperature of 
which must b© from 3° to 5 ° below the freezing-point of the solvent. 
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The thermometer is observed while the liquid is constantly stirred. At 
first the mercury sinks below the true freezing-point, but it rises again as the 
freezing commences. The highest position of the mercury is read. 

When the freezing-point of the solvent has 
Fiu 111. been ascertained as the mean of several deter- 



mmations, a known weight of the substance 
the molecular weight of which is required, is 
introduced through the side-tube into A, The 
liquid is then thoroughly stirred until the 
substance is dissolved, and the temperature of 
freezing is again noted. The “ ice,” which 
consists only of tho solidified solvent, will now 
form at a lower temperatuie than before, and 
tho difference between tho two temperatures 
gives the lowering of the freezing-point ( D ). 

The final accurate determination of the 
freezing-point must be effected in all cases by 
removing the tube from the jacket, and occa- 
sionally dipping it into the freezing-mixture and 
moving it round until tho liquid freezes. When 
this takes place the tube is immediately re- 
moved from tho mixtuie, wiped dry, and placed 
in tho airqaeket once more. The “ ice ” will 
probably have melted by this time, if not 
allow it to do so, then attach tho air-jacket 
B and immeiso it m the cooling-mixture. 
Now stir constantly, carefully observing the 
fieezing and noting down the highest tem- 
poiature as has been described above. 

The molecular weight (M) is then calculated 
from tho difference between tho two fieezmg- 
points which have been noted, by means of 
tho formula given on page 433. 

A series of determinations may be obtained 


Beckmann’s Freezing-point if necessary, by adding successive quantities of 


Apparatus the substance to the same quantity of solvent. 


If the Molecular Coefficient of Depression (K) is unknown it 
can readily be ascertained by dissolving a definite quantity of a substance 
of known molecular weight m a weighed quantity of the solvent. The value 
of K is then calculated from the equation on page 433. TJie values of K for 
9 few commoq solvents aie fqr j 
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Water 
Acetic acid 
Benzene . 
Phenol . 


19° 

39® 

49° 

75° 


For Practice in the Method use 6 grams of pure cane-sugar or of glucose ; 
dissolve this in 50 grams of water, for which K =* 19, and introduce into the 
outer vessel a mixture of ice and salt ; then proceed as has just been described. 


Example — 12 616 grams of glucose were dissolved in 92*25 grams of water, 
the freezing-point of the water was depressed 1 45° C., and K 19, therefore 
from the equation on page 433 

K X W x 100 19 x 12*616 x 100 

The molecular weight ■» — - ^ =* — ~ r ~ 179. 


D x S 


1 45 x 92 25 


Determination of Molecular Weight by the Boiling-point 

Method. 

824. When a Solid Substance is dissolved in a Definite Quantity 
of a Solvent, the Boiling-point of the Solvent is raised by an 
Amount proportional to the Number of Gram-molecules of the 
Dissolved Substance. 

A convenient and rapid process for the determination of molecular weights 
of solids, by the elevation of the boiling-point of the liquid in which they 
are dissolved, is described below. It is a modification by Walker and 
Lumsden of the Landsberger method. 

When the vapour from a boiling liquid is passed into another portion of 
the same liquid which contains a substance in solution, the vapour is condensed 
in the solution, and the heat thus generated raises the temperature of the 
solution to its boiling-point. The vapour issuing from the solution will then 
be in equilibrium with the atmospheric pressure, and the temperature of the 
vapour will therefore be the same as the boiling-point of the solution. 

This principle is applied in the process which is described below. The 
vapour from the boiling liquid is first passed through another portion of the 
liquid until the boiling-point is constant. The temperature is then observed 
and a weighed quantity is added of the substance whose molecular weight is to 
be determined. The vapour of the solvent is then passed again until the sub- 
stance is dissolved and the boiling-point is constant, and either the weight 
or the volume of the solution of the substance is finally determined. 

In practice it is more convenient to measure the volume of the solution 
at its boiling-point and to deduce its weight from this volume, but a 
somewhat more accurate result is obtained by weighing the solution. 
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From the weight of the solution thus determined and the elevation of 
boiling-point of the solvent, the molecular weight of the substance can then 
be calculated. In the arrangement devised by Landsberger the escaping 
vapour is made to form a jacket round the boiling solution, by this means 
the errors arising from superheating and radiation are largely reduced. 

The Apparatus required for the process is shown in Fig. 112. 


Fio. 112. 



Molecular Weight by Elevation of Boiling - roiNT. 

It consists of a bulbed inner vessel (4), which contains the solution of the 
substance. This vessel is connected by a tube (B C) with a flask (D) contain- 
ing the solvent to be boiled. The vapour issuing from this flask passes through 
the solution in the vessel (A), and escapes through a hole ( E ) into the jacket 
(F) and thence into the condenser ((?). The capacity of the inner vessel (A) 
is indicated by cubic centimetre graduations, and the vessel contains a 
thermometer (T) the stem of which is divided into at least tenths of a degree. 
In order to secure uniform and-regular boiling of the liquid in the flask ( D ) a 
few pieces of unglazed tile are introduced, and a fresh piece of tile is 
added each time the boiling is started for a determination. 

The Method. — Place from 6 to 10 c.c. of the solvent in the vessel (A) 
and about 150 c.o. of the solvent together with a few pieces of unglazed tile in 
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the flask (D). Connect the pat ts of the apparatus as is shown in the figure, and 
then boil the liquid in the flask. The vapour will pass into the vessel (.4) and 
will quickly raise the temperature of the solvent to the boiling-point. When 
the temperature becomes constant, read the thermometer to the hundredth 
of a degree by means of a lens. This temperature is the boiling-point of the 
solvent. 

Now disconnect the tubes ( B C) and pour out most of the condensed 
solvent from the vessel (A), leaving about 10 c.c. Introduce from 0*5 to 1 
gram of the substance into the vessel, place a fresh piece of tile in the liquid 
in the flask (D), connect the tubes (B C) as before, and start boiling the liquid 
again. The thermometer will rise rapidly, and will remain approximately 
constant at a temperature a little higher than the boiling-point of the solvent. 
The boiling-point of the solution will then slowly but continuously decrease 
as the quantity of liquid in the vessel [A) increases by condensation of the 
vapour. 

As soon as the highest temperature has been attained, read the 
thermometer accurately, stop the boiling in the flask, disconnect the tubes 
B G), remove the cork with the tube and thermometer, and quickly read the 
volume of the solution. The boiling-point of the solution is thus determined, 
and the difference between this boiling-point and that of the solvent gives 
the rise of boiling-point which is due to the presence of the substance. 

Further determinations should be made by using the solution already 
present in the vessel [A). For this purpose a frosh piece of tile is placed in the 
flask (D) and the boiling is started again. After two or three minutes’ boiling, 
readings of temperature and of volume are taken as before. These opera- 
tions are repeated, and several determinations of the molecular weight can be 
obtained in this way with the same quantity of the substance in the course of 
half an hour. 

When the molecular weight of the substance is high or its solubility is 
small, greater accuracy is desirable. To secure this the solution of the 
substance in the vessel (A) is weighed, after the removal of the thermometer 
and tube, at the end of the first determination, and the experiment is repeated 
after an additional quantity of the substance has been introduced. 

The Methods of Calculating the Molecular Weight from the volume 
and from the weight of the solution are shown below. If 
to ss the weight of substance dissolved ; 

V = the volume of the solution in c.c. ; 

D = the elevation of boiling-point observed ; 

K' = the elevation for 1 gram-molecule of substance dissolved in 
1 c.c. of solvent ; 

M = the molecular weight of the dissolved substance ; 
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Then since there are ~ gram-molecules in V c.c. of solution, there will be 
to 

jjjjy gram-molecules in 1 c.c. of solution. 

If the elevation for 1 gram-molecule in 1 c.c. of solvent = K', then the 

elevation for gram -molecules — | ~ x K' « D, whence 

M = Vl> (1). 

If on the other hand the solution is weighed each time, the following 
iormula is arrived at by a similar process of reasoning : 

K w 

M = W1> ( 2) > 

where K = the elevation for 1 gram-molecule in 1 gram of solvent, and W =* 
the weight ot the solvent. 

W 

Note . — If S « the specific gravity of the solvent at its boiling-point, then V«=* — 
and K' - — . 


The values of K' and K for different solvents are as follows : 


Solvent. 

K'. 

K. 

Alcohol • 

1560 

1150 

Ether . • 

3030 

2110 

Water 

540 

540 

Acetone • • 

2220 

1670 

Chloroform . 

2600 

3660 

Benzene 

3280 

2670 


For Practice in the Process, about 0*5 to 1 gram of the substance, ao* 
cording to its solubility, should be used. The following substances and solvents 
will be found suitable : Urea in water ; benzoic acid m absolute alcohol ; naphtha- 
lene m chloroform ; and camphor in acetone. 

Example. — The following are the results obtained in an actual determination of 
molecular weight by the above method : 

0 829 gram of camphor was dissolved in acetone The series of four successive 
observations, made by passing the vapour of boiling acetone into this solution, 
were as follows : 





824 .] 


BY THE BOILING-POINT METHOD. 


43d 


Number of Experiment. 

1 

2 

3 

4 

Elevation of boding- point in 
degrees Centigrade 

Volume of solution in c c 

1 47 
81 

1 09 

10 7 

0 71 

16 7 

0 64 

19 0 


From the first experiment the molecular weight 
2220 x 0 829 
” 147 x 8 1 “ 15 ’ 


and from the subsequent experiments the values would be 159, 155, and 151 
respectively. The average of these four values is 154 7, a number pretty closely 
approximating to the value 152 calculated from the molecular formula* 



PART VI. 

VOLUMETRIC ESTIMATION OF 
GASES AND VAPOURS. 


Introductory Remarks. 

034. The measurement of gases and vapours, and the quantitative analysis 
of gaseous mixtures, usually involve special methods. They are therefore 
\reated of in a separate Section of the book. 

Methods have been already described for estimating dissolved gases by 
gravimetric processes, by titration with standard solutions, and by absorption 
in a suitable standard solution upon which they can produce a definite 
chemical effect. But the determination of the quantity of a gas frequently 
involves the measurement of its volume, either directly, or indirectly by 
noting the loss of volume which results from its absorption from a gaseous 
mixture. 

When the volume of a gas is dealt with, not only is special apparatus 
required, but special corrections and calculations must usually be applied 
to the results obtained in different estimations in order to make them com- 
parable one with another. These corrections are rendered necessary by the 
appreciable effect which changes of temperature and pressure, and the presence 
of varying amounts of moisture exert upon the volume of a gas. 

Since these particular characters also apply to vapours, it is convenient 
to describe vapour-density determinations in connection with the estimation 
of gases 

The processes of measuring and analysing gases, which are described in 
detail in this Section, involve the use of comparatively cheap and simple 
apparatus. They also either dispense with the use of mercury, or require 
it only in small quantity. 

The volume of a gas is frequently measured over water. This introduces 
a certain amount of error, since gases are soluble in water in varying degree. 
The results obtained by these processes are therefore somewhat inferior in 
accuracy to those yielded when the gases are measured over mercury. But 
the simpler method of measurement over water is now very generally adopted 
for certain gases, and is found to furnish results of a very satisfactory nature 

440 
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when a sufficient volume of gas is employed and proper precautions are 
taken. 

The error caused by the absorption of gas by water in the measuring 
apparatus may often be eliminated by previously saturating the water with 
the gas which is to be estimated. 

For the description of the larger and more costly forms of gas apparatus, 
and for directions regarding their use, reference may be made to Sutton's 
Volumetric Analysis \ Other books on general gas analysis are mentioned 
in paragraph 1021. 



PART VI -SECTION XV. 


CALCULATION OE NORMAL VOLUME. CALIBRATION 
OP MEASURING-VESSELS. 


Calculation of Volume under Normal Conditions. 

835 - The molecules of a gas or vapour recede from one another under 
increased temperature or decreased pressure, and approach one another 
under decreased temperature or increased pressure to a far greater extent 
than do the molecules of an ordinary liquid or a solid. 

The volume of a definite weight of any gas theiefore varies appreciably 
with comparatively small changes of temperature and pressure, and the 
volume of a dry gas is also increased by the introduction of aqueous vapour 
when the gas is brought into contact with water. 

The volume of a gas is usually measured at the temperature of the labora- 
tory, and at the atmospheric pressure. Since however the temperature 
and atmospheric pressure within the laboratory are subject to variation, the 
conditions under which different measurements of gas are made may be 
dissimilar. 

The gas may also sometimes be measured while it is standing over water, 
and at other times while it is exposed to some non-volatile liquids ; the gas 
may accordingly either be saturated with water- vapour, or may be in the dry 
condition, and these differences will affect its volume. 

In order to render different measurements of the volumes of gases compar- 
able with one another, and to be able to calculate the weight of a gas, it is 
therefore usually necessary to ascertain by calculation the volume which the 
gas would occupy in the dry state and at 0° C. and 760 mm. pressure. This 
is usually termed “ the volume under normal conditions/ 9 

836. Calculation of the Volume of a Gas under Normal 
Pressure. — The volume of a gas vanes inversely as the pressure whicn is 
exerted upon it. Hence, if 

v =* the observed volume of the gas ; 

• p = the observed barometric pressure ; 

V M = its volume at 760 mm. pressure (normal) ; 

442 
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Then V„ 


p X v 
760 


This formula supplies the “ Correction for Pressure.” 

Note . — In very accurate determinations, the height of the barometer should 
be reduced to its equivalent at 0° C. If H represents the height of the barometer 
in mm. at 0°, and h the height which has been read at the temperature (<) of the 
laboratory, then H — h (I - 0‘00017<°}. 


837. Calculation of the Volume of a Gas at Normal Tempera- 
ture. — A gas expands or contracts by one two-hundred and seventy-third 
( = 0*003665) of its volume at 0° C.. for each degree Centigrade rise or fall 
in its temperature. Hence, if 

v = the observed volume of the gas ; 
t = the observed temperature ; 

=*= its volume when reduced to 0° C. (normal) ; 

273 XI V 

Then V,= 273 +1 “ 1 +~0-003G65* * 

These formulas supply the “ Correction for Temperature.” 

838. Calculation of the Volume of a Gas in the Dry Condition.— 
When equal volumes of gas are saturated with aqueous vapour at the same 
temperature, they always contain the same quantity of vapour. The quantity 
of vapour present increases as the temperature rises, and decreases as the 
temperature falls. 

The water- vapour which is mingled with the gas exerts a certain pressure, 
which is commonly termed the Tension of Aqueous Vapour . 

The pressure of the vapour varies with the temperature in the same 
proportion as its amount varies. This pressure is usually expressed in mm. 
of mercury, and has been very accurately determined for each degree of 
temperature (983). 

The tension of aqueous vapour acts in opposition to ihe barometric 
pressure, and tends to increase the volume of a gas. Hence correction is 
made for its effect upon the volume of the gas, by subtracting its amount 
in mm. from the barometric pressure. Thus if w is the tension of aqueous 
vapour in a volume of moist gas under pressure p , the true pressure on the 
gas ajp-w, 

839. General Formula for the Calculation of the Volume of a 
Gas under Normal Conditions —The preceding corrections are com- 
bined into one expression in the following formulae, in which V represents 
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the volume of the dry gas at normal pressure and temperature, after eorrection 
for saturation with moisture if necessary : 


( 1 ) For a dry gas, V = 


V x 27 3 xv p x v 

755(273 +t)~ 700(1 +0.003665<)* 


(2) For a moist gas, 

y — (P~ w ) x 273 xv (p-w) x v 

760(273 + t) = 760(1 + 0 0036650* 


These formulae servo to correct the volume of a gas for temperature, 
pressure, and aqueous vapour. 

The factors which are given in the Table (984) will be found useful for 
quickly calculating the normal volume of a gas. 


The Alteration of Volume which a gas suffers by change of absolute temperature 

PV P V 

and pressure may bo calculated from the following expression : - 77 - = 7 — : where 

1 1 1 

P, V and T represent the onginal pressure and volume, and at the absolute tem- 
perature (273 -f t) t and Pj, \ x and T l represent these conditions when altered. 


Calibration of Measuring-tubes. 

840 . The graduations on tubes for mcasuiing gases represent either 
absolute c.c. and fractions of c.c. capacity ( 243 ), or lengths in millimetres on 
the tube. 

If the marks represent millimetre spaces on the tube, the value of each 
graduation in terms of c.c. must be ascertained. Since a glass tube fie- 
quently varies in diameter in different parts, and equal lengths on diflfeient 
parts of a graduated tube do not therefore necessarily correspond to equal 
capacities, it is usually necessary to calibrate the tube throughout its length. 

Mercury and water are the two liquids m common use for calibrating 
measuring-tubes, 

841 . Calibration of the Measuring-tube by means of Mercury — 
The tube is supported vertically with its open end upwards, and successive 
equal weights of mercury are poured into it from a little tube about 4 c.c. 
in capacity. The space in the tube which is occupied by each portion of 
mercury is noted by means of the graduations, and the true volume of the 
mercury is then calculated from its weight. The capacity of the tube at 
every graduation can then be determined by calculation ( 842 )* 

842 . Calibration of the Measuring-tube used in Meyer's Vapour -density 
Apparatus ( 921 ). — Fix the clean tube in a wooden clamp and make it truly 
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vertical by hanging a plummet beside it and setting the side of the tube 
parallel with the line of the plummet (Fig. 113). 

Now prepare a small vessel, about 4 o.c. in capacity, by drawing out a piece 
of glass tube at one end in the blowpipe-flame, and grind the edge of the open 
end perfectly level and smooth. Hold this vessel in a little wooden clamp, 
and fill it with mercury from a bulbed tube which can bo closed by means 
of a stop-cock (Fig. 114). 

As soon as the vessel is quite filled, slide a glass plate along the ground 
edge of the tube ; this will remove the excess of mercury, and will leave the 


Fig. 113. 



Mercury Calibration of M easurino-tube. 


surface of the metal exactly level. Now pour tho mercury from the vessel 
into the graduated tube. Remove tho air-bubbles, which adhere to the 
inside of the tube, by means of a thin piece of lance- wood or whale-bone ; 
and then read the level of the highest point of the meniscus of the mercury 
by means of the graduations. 

Fill the vessel in a similar way repeatedly, emptying it each time into 
the graduated tube and carefully reading the level of the mercury after 
each addition. 

These readings are most accurately taken by means of a cathetometer 
( 843 ^ placed at some distance from the tube# 
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If the cathetometer is not employed, great care must be taken that the 
eye is placed on the same level as the mercury surface. This may be secured 
by holding a small vertical mirror behind the tube, in which the reflection 
of the eye is seen behind that of the meniscus. The reflection in the mirror 
of the highest point of the meniscus must be seen at the centre of the pupil of 
the eye during the reading. A piece of cardboard may be slipped down 
behind the tube until its shade sharply defines the mercury surface. 

The weight of mercury which fills the small vessel is now accurately 
determined, and the temperature of the air is noted. The capacity of the 
tube between the successive readings may then be found in c.c. from the 
following expression 3 

g x (1 -t- 0-000143 0 r 
V ~ 13*596 

in which (g) represents the weight of the mercury in grams, and ( t ) the tempera- 
ture at which the calibration is made ; while 0*000143 is the coefficient of 
expansion of mercury and 13*596 is its specific gravity. 

The method of calculating the capacity of the tube at each graduation 
will be understood by reference to paragraph 258; but the “ error of meniscus” 
(844) must be added to each volume thus obtained, if the tube is used for 
measuring gas over mercury. 

The capacities do not however require a meniscus correction if the gas is 
measured over water, for a reason which is explained on the next page. 

843 . The Cathetometer consists cf a horizontal telescope sliding on a 
vertical stem. The telescope is focussed on the tube and is set in a horizontal 
position by means of a spint-lovel ; it is then moved vertically on the stem, by 
turning a screw adjustment, until the point of intersection of the cross-wires exactly 
corresponds with the highest point of the mercury meniscus, and the graduation 
is read off. Since the telescope is always horizontal, errors of parallax are thus 
avoided. 

844 Error of Meniscus — During the process of calibration, the convexity 
of the mercury is turned towards the open end of the tube (Fig 115), but in 
the measurement of a gas the convexity will be in the opposite direction (Fig. 
116) Hence it is obvious that the volume of mercury, which is measured 
during the calibration in the inverted tube (Fig. 115), is less than the volume of 
the gas which is measured when the mercury stands at the same division in the 
erect tube (Fig 116). 

The correction, which is thus rendered necessary, is determined by reading 
the position of the meniscus in the inverted tube (Fig. 115), and then introducing 
a few drops of mercuric chloride solution and again reading the level of the 
mercury surface. The solution overcomes the repulsive action of the glass upon 
the mercury, and immediately causes the mercury surface to become flat (Fig. 117). 

Thus in Fig. 115 the top of the meniscus just touches division 39, whereas 
fn Fig. 117 the mercury stands at 38*7r showing a depression of Q*3, 
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If gas were measured in the tube, and the meroury stood at division 39 (Fig: 
116), and if it were possible to overcome the repulsive action of the glass as before, 
the horizontal surface would stand at 39*3. Therefore the volume between 38 7 
and 39*3, that is 0 6, would esoape measurement. Hence 0*6 is the Error of Meniscus 
in this tube. 

In practice this error is accordingly equal to double the difference between the 
reading of the convex surface of mercury, and the reading when the surface is 
levelled by means of mercuric chloride solution. This number must be added to 
the calculated capacity of the tube when the volume of the gas is read over mercury. 


Fig. 115. Fig. 116. Fig. 117. 



Error Due to Meniscus. 


The allowance for meniscus- error is usually made when the calibration value of the 
tube is being calculated. 

If the tube is to be used for the measurement of gas over water instead of over 
mercury, the capacity actually observed in the calibration with mercury should 
be taken without making any correction for meniscus. The convex surface of the 
mercury during calibration will almost coincide with the concave water-surface 
when the tube is usod in an inverted position, and the error of meniscus will 
therefore be absent when volumes of gas are read over water. 

845- Calibration of the Measuring -tube in the Lunge Nitrometer (890). — 
The measuring- tube of the Lunge nitrometer may be readily calibrated by 
detaching it from the apparatus, stopping the bottom, and then filling the tube 
up to the commencement of the graduations with mercury. The tube is 
clamped vertically (Fig 113, p. 445). Successive equal volumes of mercury 
are.then added from the small tube (Fig. 114, p. 445), and the readings are 
taken as has been described in paragraph 842. The capacity of the tube 
between successive readings is obtained from the formula given on page 446. 
Up correction for meniscus is peccssary in this case, 
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Care must be taken that very small measures of mercury are used from 
2 c.c. to zero, if small volumes of gas are to be measured. 

846. Calibration of Measuring-tubes by means of Water.— This 
method depends upon ascertaining the capacity of successive portions of 
the tube by introducing successive known weights of water at a known 
temperature into the tube, or by allowing them to flow from it. The volume 
of the water is calculated from its weight, and from this volume the capacity 
of the tube to each graduation may bo ascertained ( 258 ). 

Calibration of the Hempel Burette (Fig. 118, p. 450). — Since the measure- 
ment of gas in this burette is made over water, the calibration of the measuring- 
tube should be made by means of that liquid in the following manner ; 

Disconnect the clean measuring- tube (255 » Note) and attach to its lower 
end, by a rubber joint, a glass tube about 10 cm. in length with a stop-cock in its 
middle. The end of this tube must be drawn out into a fine jet, and the 
stop-cook must be rigidly attached to the measuring-tube by means of thick 
rubber tube bound with thin copper wire, the ends of the glass tubes touch- 
ing one another within the joint* The jet should be bent downwards, so as 
to allow the water to flow from it into a vessel held beneath. 

Now completely fill the measuring-tube and stop-cock tube with distilled 
water which has been recently boiled and then cooled to the temperature 
of the room, and take care that all air-bubbles are removed from the tube. 
Then draw off into a stoppered weighing-bottle successive portions of water, 
which measure 5 c.c. each m the burette, reading off the lowest point of the 
surface-meniscus of the water (Fig. 80, p. 142) in measuring the volume. 

When the top of the tube is being calibrated, smaller volumes of water must 
bo drawn off, if the tube is to bo used for measuring small volumes of gas. 

Weigh each of these portions of water, noting down the weight and the 
temperaturo of the water with the corresponding reading on the tube, and 
carefully drying the bottle after each weighing. 

From the weights of water thus obtained, the corresponding absolute 
volumes are calculated by applying the correction for the expansion of water 
from the Table ( 982 ). Thus if the first 5 c c. weighed 4*86 grams at 20° C.» 
its absolute volume would bo 4*86 x 1*00157 = 4*868 c.c. 

It will be seen that this calibration is similar to that employed for the 
calibration of the burette ( 257 )* an ^ the calculation of the capacity is made 
os is directed for that process ( 258 ). 

Caution. — It should be remembered that in all measurements, in which 
water or any other liquid which wets glass is used, it is necessary that a certain 
time should be allowed for the liquid to drain down the sides of the measuring- 
tube. The time will vary from half a minute to 5 minutes, according to the 
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nature of the liquid. For ordinary operations with water an interval of tv 
minutes will suffice for this purpose. 

847. A Convenient Method of Recording the Results of Calibratio 
is in the form of a curve plotted upon squared paper. The divisions on tl 
tube should bo plotted horizontally, and the correct capacities vertically 
The cuive thus constructed will give the tiue capacity at any division b 
rluect inspection. 


PAET VI -SECTION XVI. 

THE HEMPEL GAS-APPARATUS. 

This apparatus consists of two parts, the Burette, which includes a 
measuring-tube and a pressure-tube, and the Pipette. The gas is usually 

measured over water or some aqueous solu- 
Fio. 118. tion. 

A special form of Burette must be used 
when the gas cannot be measured over water 
on account of its solubility in that liquid 
(86l). 

857. The Hempel Gas-burette (Fig. 1 18) 
consists of two connected glass tubes. One 
of those (a) is not graduated, and is called 
the Pressure-tube. The other (6), known as 
the Measuring -tube, is usually graduated into 
100 c c. with 0*2 c.c. divisions. 

The Pressure-tube is expanded at its upper 
edge. The Measuring-tube is contracted at 
the top, and terminates in about 2 cm. of 
thick- walled capillary- tube ; it is calibrated 
as is dnected m paragraph 846. 

The lower ends of these tubes are con- 
tracted in diameter, and are bent at right 
.ingles. They are fitted into slots in semi- 

The Hempel Btobttb. °' rcu,ar weighted wooden feet, and are con- 
nectcdw\th one another by a few feet of narrow 
ubber tubing. This rubber tube may be divided in the middle, and then joined 
by a short piece of glass tube : the cleaning of the burette is thus facilitated. 

858. The Hempel Gas-pipette. — The Hempel pipette is used in connec- 
tion with the burette as an absorbing-vessel. It is shown in its simplest 
form in Fig. 119. By submitting a gaseous mixture to the successive action 
of suitable absorben reagents (862-869) in a series of these pipettes, the 
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proportions in which the constituent gases are present in the mixture may 
be ascertained. 

The simple pipette (Fig. 119) consists of two connected bulbs, (c) and (d), 
which contain the absorbent liquid. The bulb (c) terminates in a U -shaped 
capillary tube (a). Behind this tube is a white porcelain scale (6), which 
renders the thread of liquid in the capillary visible when the pipette is in use. 

A more complex form of absorption-pipette is shown in Fig. 120. The 
bulb (c) is cylindrical in form, and is tubulated below so as to render the intro- 
duction of a solid absorbent possible. 

Both these forms of the pipette may be fitted with two extra bulbs (w, n), 
as is shown in Fig. 120. These bulbs are partially filled with water ; they 


Fig. 119. Fro. 120. 



The Hempel Gas-pipette. 


prevent the external air from coming into contact with the absorbent, and 
retard the escape of vapour from a volatile absorbent. 

859. Fitting together the Hempel Apparatus. — The burette is con- 
nected with the pipette in the manner shown in Fig. 121. Two short thick 
pieces of rubber tube, each carrying a spring clip, are slipped upon the 
capillary top of the measuring-tube, and upon the capillary-tube (a) of the 
pipette. These rubber joints are tightly bound upon the glass with wire, 
so as to make them gas-tight. A single clip upon the measuring- tube (6) 
will usually be found sufficient, the other clip being dispensed with. 

A piece of thick-walled glass tube, 1 millimetre in internal diameter and 
about 20 cm. in length, is then bent twice at right angles (c, Fig. 121). Each 
end of this tube is pushed into one of the pieces of rubber tube. Connection 
can now be opened between the absorption-pipette and the measuring- tube 
by simply releasing the clip. The measuring- tube and the absorption-pipette 
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can also be disconnected one from the other, without allowing their contents 
to come into contact with the atmosphere. 

860 . Manipulation of the Hempel Apparatus.— The following is a general 
description of the method of using the Hempel apparatus for gas-analysis. 

Taking the Sample for Analysis . — Disconnect the pipette (a), leaving the 
tube (c) and the rubber tubes and clips attached to the measuring- tube (b). 

Raise the pressure-tube (d), which has 
been filled with water, preferably satu- 
rated with the gas to be analysed ; then 
open the clip and pour water into the 
pressure-tube, until the measuring-tube is 
full of water and the water begins to flow 
over from the bent tube (c). 

Now close the rubber tube (a) by the 
clip and squeeze the end of the tube be- 
tween the finger and thumb, so as to 
exclude air while it is being connected with 
the vessel containing the gas which is to be 
examined. Then place the pressure-tube ( d ) 
at a lower level than the measuring-tube 
(6), and open the clip again. The gas will 
thus be drawn over into the measuring - 
tube. 50 c.c. will be found to be a con- 
venient volume for working purposes. 

In order to avoid calculation 100 c.c. of 
the gaseous mixture may be used, since the 
volumes of the constituent gases which are 

Thu Hempel Gas-apparatus. obtained in the analysis then represent at 

once percentage proportions of the mixture. 

In order to obtain exactly the required volume in the burette, proceed as 
follows : As soon as rather more than the required volume of gas has entered 
the measuring-tube, close the rubber tube by the clip. Now close the long 
rubber tube, which connects the measuring-tube with the pressure-tube, by 
pinching it with the fingers. Raise the pressure-tube, and by relaxing the 
fingers allow water to flow into the measuring-tube until it precisely reaches 
the required graduation. Then at once arrest the inflow of water by pressure 
of the fingers on the rubber tube. Now open the top of the measuring-tube, 
by relaxing the pressure of the clip for a moment, so as to allow the excess 
of gas to escape into the air and to leave the remainder at atmospheric pressure. 
Next proceed to verify the volume of the gas in the measuring- tube, when 
the water is brought to precisely the same level in both tubes. 
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The temperature of the room and the oarometrio pressure need not usually 
be read in an ordinary analysis, since these conditions do not appreciably 
vary duung the series of estimations, which are of relative volumes only. 
But if for any reason the absolute volume of the gas is to be found under 
normal conditions, or its weight is to be calculated, the thermometer and 
barometer must be read, since it then becomes necessary to calculate the 
volume of the gas under normal conditions (839). 

Chatging the Pipettes. — Now charge each pipette with its special absorption- 
leagent (862-869), filling the bulb (c, Fig. 119, p. 451) completely, but allowing 
only a small quantity of the liquid to remain m ( d ). The liquid is introduced 
by pouring it through a funnel into the wide tube above (d), and should then 
be drawn nearly to the top of the porcelain scale by applying suction to the 
apillary-tube (a), and before a measurement of gas is taken the liquid should 
always be brought again to the same level in this capillary tube. 

When the pipette is not in use, the reagent should be protected fiom 
contact with the air by closing the wide tube with a cork, and the capillary 
tube with a short rubber tube which is stopped with a piece of glass rod. 

Process of Absorption . — After the volume of the gaseous mixture has been 
noted down, proceed to absorb its constituent gases successively. For the 
purpose connect the measuring-tube with the absorption-pipette by means 
of the bent capillary- tube, squeezing the end of the rubber tube meanwhile 
with the fingers so as to exclude air. Then raise the pressure- tube and relax 
the clip, so as to drive the gas over from the measuring-tube to the absorption- 
pipette. As soon as the gas has passed completely into the bulb, close the 
clip, gently shake the contents of the bulb, and allow the gas to stand in 
contact with the absorbent for five minutes. 

Then transfer the gas back to the measuring-tube again by lowering the 
pressure-tube and relaxing the clip, and as soon as the gas has passed over 
close the clip again. 

Now raise the pressure- tube until the water in both tubes is at tho same 
level after allowing an interval of two minutes for the water to drain from the 
side of the tube, and read off the volume of the gas. 

Transfer the gas again to the pipette, and shake it gently with the reagent 
for a minute ; then measure its volume once more in the burette. If the 
volume is the same as before, the absorption is complete ; the volume of the 
gas is therefore noted down, and the next absorption is proceeded with. 

If a further decrease of volume occurs when the gas is exposed a second 
time to the same absorbent, the absorption must be repeated ; but it is raiely 
necessary to resort to a third absorption in order to lemove a gaseous con- 
81 ituent completely. 

Subsequent absorptions are effected by a procedure precisely similar to that 
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which has been just described, each gas being absorbed by a special and suitable 
reagent ( 862 - 869 ). A separate pipette should be kept for each reagent. 

861 . The Winkler Burette. — Another form of buiette, known as tho Winkler 
burette, must be employed for the analysis of gaseous mixtures which contain 
a constituent soluble m water. 

It h of the same shape as the Hem pel burette, but the top of the measuiing- 
tube i> supplied with a stop-cock, and the Lottom with a tliue-way cock similar 
to that shown m Fig 123 (p. 465) By this arrangement the measuring-tube can 
be cut ofl from the water in the pressure-tube, and a stream of gas can be passed 
through the stop-cock into the measuring- tube, and thence out into the air by means 
of the thiee-way cock. 

The measuring- tube is 100 c c. in capacity, and is graduated in fifths of a c c. 

Before the measuring-tube is used, it must be dried. This is most rapidly 
effected by rinsing it out with alcohol, then with ether, and finally blowing air 
through it fiom bellows. 

The measu ling- tube is tilled with the gas to be examined, either by passing 
a (ontinuous cuirent of the gas tluough it until all the air has been displaced, or 
by filling the tube with mercury and letting the gas displace tho mercuiy. The 
^top-cocks are now closed, and 100 c c of the gas under atmospheric temperature 
and pressure are obtained for analysis 

Water may then be allowed to flow into the measuring-tube from the 
piessurc-tube in order to absorb the soluble gas, or the measuring-tubo may be 
( onnected with a Hcmpel pipette, and the further manipulation of the buiette 
may be conducted as with the Hcmpel burette. 


Kevcients used *or the Absorption of Gases in the 
Hempel Pipette. 

The following directions serve for the pieparation of absorption-reagents 
of suitable strength for gas-analysis : 

862 . Potassium Hydrate Solution. — Dissolve 160 grams of ordinary 
potassium hydrate in 130 c.c. of water : this will furnish about 200 c.c. of 
solution. 

The solution is used for absorbing carbon dioxide, and acid gases generally. 

863 . Alkaline Pyrogallate Solution.— Dissolve 10 grams of pyro- 
galhc acid in 200 c.c. of the above potassium hydrate solution ( 862 ). The 
solution should be kept in a pipette of the simple form (Fig. 119, p. 451), the 
openings of which are carefully closed from the air when the pipette is not 
in use; or the pipette may be provided with the two guard-bulbs ( m, n) 
shown in Fig. 120. 

This solution is used for absoibing oxygen. 




864-869.] 


REAGENTS FOR ABSORPTION. 


455 


Note . — If this reagent is prepaied according to the piecedmg duections, no 
carbon monoxide is evolved dining the absorption of oxygen ; but departure 
from the above proportions may involve senous eiror m the estimation from 
this cause. 

864. Cuprous Chloride Solution. — Pass sulphur dioxide into a 
solution of 1 part of sodium chloride and 2 parts of crystallised copper sulphate, 
and wash the precipitate of cuprous chloude by decantation, first with solu- 
tion of sulphurous acid, and then with glacial acetic acid. Then press it 
between filter- paper and dry it in a vacuum desiccator (63)* 

During its piepaiation, storage and use, both this substance and its solution 
must be excluded fiom free contact with the air. 

The salt is employed either in ammoniacal solution (a) or in acid solution 
(b). The acid solution is generally used, unless the combustion of hydrogen 
by palladiniscd asbestos (88l) is to follow the absorption by cuprous chloride. 

The solution is used for absorbing carbon monoxide. 

(a) The Ammoniacal Solution i3 prepared by suspending 15 grams of 
cuprous chloride in about 100 c.c. of water, contained in a flask of about 
250 c c. capacity, and passing ammonia eas into the liquid until all the cuprous 
chloride is dissolved and the solution assumes a pale blue colour. The liquid 
is then diluted to 200 c.c. One c c of the solution thus prepared can absorb 
about 6 c c. of carbon monoxide, before it becomes saturated with the gas 
and useless for further absorption. 

(b) The Acul Solution is prepared by dissolving 27 grams of cuprous 
chloude in 200 c.c. of hydiochlonc acid of 1*124 specific gravity. One c.o. 
of this solution can absoib about 10 c.c. of carbon monoxide. 

865* Alcohol. — Rectified spirit is used for absorbing the vapours of 
hydrocarbons generally. 

866. Iodine Solution. — Solution of iodine in potassium iodide solu- 
tion of about decinormal strength is used for absorbing sulphur dioxide. 
Potassium Dichromate m saturated solution may be used for the same purpose. 

867* Ferrous Sulphate, m cold saturated solution, is used for absorb- 
ing nitric oxide. Potassium Permanganate solution acidified with sulphuric 
acid may be used for the same purpose 

868. Bromine-water, made by shaking bromine with water until some 
bromine remains undissolvcd, is used for absorbing the olefine hydrocarbons. 
Fuming Sulphuric Acid serves the same purpose. 

869. Fuming Nitric Acid may be used for absorbing the vaoour of 
benzene and the olefine hydrocarbons. 
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Collection of Gas for Analysis. 

870. The Method selected for Collecting a Sample of Gas will 
vary according to the conditions under which the gas has to be taken, conveyed, 
and stored. When the gas is collected in the laboratory, it is generally passed 
direct into the Hempel burette (860) or the Winkler burette (86l) ; and if a 
larger quantity has to be stored, it is collected in a glass gas-holder. If the 
gas must not come into contact with water, it may be passed up either into 
a tube filled with mercury which is closed by inverting its open end in a 
vessel of mercury, or into a small bell-jar closed with a stop-cock and filled 
with meicury. 

A sample of gas which has to be collected away from the laboratory may 
occasionally be taken and safely stored as is directed above ; or it may be 
collected by the displacement of air, water, or mercury from a bottle or flask, 
which is then closed by a tightly fitting cork, both the upper part of the 
cork and the neck of the vessel being finally uniformly coated with melted 
paraffin-wax or sealing-wax. 

The sample is however usually sealed in a glass tubo, which is made by 
drawing off a piece of broad glass tubing near each end to capillary bore, 
leaving the intermediate tube with a capacity of from 50 to 100 c c. The 
air is displaced from the tube by passing through it a stieam of the gas, 
either by its own pressure or by suction applied by an aspirator ( 80 , 176 ). 
After a free current of the gas has passed through the tube for at least fifteen 
minutes, the two capillaries are sealed by being drawn off in the blowpipe 
flame. 

If the supply of gas which is available is small, the tube is prepared as 
is directed above and the an is removed from it by a good air-pump. The 
tube is then sealed, and one end is opened in the gas to be collected ; the tube 
is then sealed again after it has becomo filled with the gas. 

When the sample is to be withdrawn into the Hempel burette, a file-mark 
is made near each end of the sample-tube. One end is then attached by the 
rubber joint (a, Fig. 121, p. 452) to the Hempel burette, while the other end 
is immersed in a vessel of water or other suitable liquid. Both the ends are 
then broken off, and the gas is drawn over into the burette in the usual way 
by lowering the pressure-tube (d). 


Estimation of Gases by Absorption in the Hempel Apparatus. 

8 7 i. The method of estimating the constituents of several ordinary 
gaseous mixtures, by means of the Hempel apparatus, is given below. It 
*ill be understood that the volume of each constituent gas is ascertained by 




872 - 876 .] 


COLLECTION AND ESTIMATION OP GAS. 


457 


the difference in the volume of the mixture before and after the absorption of 
that constituent. 

The general procedure and manipulation have been already described in 
paragraph 860, particulars of the absorbent-reagents are given in paragraphs 
862-869, an< * methods of collection will bo found in paragraph 870. 

The analysis is rendered more accuiate by pieviously saturating the water 
m the burette with the gaseous raixtuio which is to be analysed. 

This also applies to the solutions contained in the absorption-pipettes, 
but since similar gaseous mixtures are generally analysed by using the same 
pipettes, the liquid in each pipette will gradually become saturated with the 
gas. When however a fresh solution is employed, the second and third 
determinations made with tho solution will, tor the above reason, be more 
accurate than the first, unless a preliminary saturation of the solution with 
the necessary gas has been effected. 

Since the atmospheric temperature and pressure do not vary appreciably 
dunng any one gas analysis, it will not usually be necessary to correct the 
gaseous volumes for pressure and temperature (839) before calculating the 
percentage volumes of the constituents. 

872. Estimation of Carbon Dioxide in Furnace Gases. — Employ a 
simple absorption-pipette (858) containing the solution of potassium hydrate 
(862). A more exact method of estimating a small proportion of carbon 
dioxide in air is described in paragraphs 912-914. 

873. Estimation of Oxygen in Atmospheric Air. —Charge the 
absorption-pipette with a strong solution of alkaline pyrogallate (863). 

The average percentage of oxygen by volume is 20*96. 

874. Estimation of Carbon Dioxide, Oxygen, and Nitrogen in a 
Mixture — Absorb the gases in the following order by the reagents 
specified : 

(1) Carbon dioxide, by potassium hydiate solution (862)* 

(2) Oxygen, by alkaline pyrogallate solution (863). 

(3) Measure the residual nitrogen. 

875. Estimation of Carbon Dioxide, Oxygen, Carbon Monoxide, 
and Nitrogen in a Furnace Gas.— Absorb the gases in the following order, 
by the reagents specified ; 

(1) Carbon dioxide, by potassium hydrate solution (862). 

(2) Oxygen, by alkaline pyrogallate solution (863). 

(3) Carbon monoxide, by freshly prepaied cupious chloride in acid solution 

(864, b). 

(4) Measure the residual mtrogen. 
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876. Estimation of Carbon Dioxide, Olefines, Benzene, Oxygen, and 
Carbon Monoxide, Hydrogen and Methane in Coal-gas, Generator-gas, 
and Similar Mixtures. — Absorb the gases in the following order, by the 
reagents specified, using a Hem pel burette containing water saturated with 
the original gas which is to be analysed : 

(1) Carbon dioxide, by potassium hydrate solution (862). 

(2) Olefines, by saturated bromine- watet (868), subsequently removing 

the In online- vapour by means of potassium hydrate solution 
m a separate pipette (Note) 

(3) Benzene, by fuming nitnc acid, subsequently removing the nitrogen 

oxides by means of the potassium hydrate pipette (Note), 

(4) Oxygen, by alkaline pyiogallate solution (863). 

(5) Carbon monoxide, by fleshly made ammonical cuprous chloride 

solution (864, a). 

(6) The residual gas is transferred to a Hempcl pipette charged with 

water, and hydrogen and methane are estimated as is dnected 
in paragraph 882. 

(7) Nitrogen will then remain as a residue. 

Note — In the above process, the separate absorption of the olefine hydro- 
carbons and benzene by biomine-water and by nitnc acid respectively is not very 
satisfactory . An alternative method consists in absoibmg these substances 
simultaneously by fuming sulphuric acid, followed by caustic potash solution. 

877. By employing the Winkler Burette (861) or the Lunge 
Nitrometer (894) the following gases, which are more or less soluble in 
water, can be estimated by means of the absoi bents specified in each case : 

Ammonia , by dilute sulphuric acid. 

Nitrogen 'peroxide, by concentrated sulphuric acid, or by a solution of 
potassium permanganate acidified with sulphuric acid. 

Nitric oxide , by a concentrated solution of ferrous sulphate, or by potassium 
permanganate acidified with sulphuric acid. 

Nitrous oxide , by alcohol. 

Chlorine , by solution of potassium hydrate (862). 

Hydrochloric acid , by the same. 

Hydrogen sulphide , by the same. 

Sulphur dioxide , by the same, by iodine solution (866), or by saturated 
solution of potassium dichromate. 
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Estimation of Gases by Combustion in the Hempel Apparatus. 

878. Estimation of Hydrogen by Combustion in Air aided by 
Palladinised Asbestos. — The hydrogen is mixed with an, and is passed 
tlnough a glass or fused silica tube of 1 millimetre bore which contains a 
fibre of asbestos covered with finely divided palladium (Note). 

The asbestos is gently heated while the mixture of hydrogen and air is 
being passed over it. The hydrogen combines with the oxygen of the air 
to form water, which occupies no appreciable space. The contraction in 
volume which occurs as a result of the combination is therefore noted, and the 
volume of hydrogen which was originally present will be equal to two-thirds 
of this contraction. 

Hydrogen gas is readily burnt in this way, carbon monoxide is burnt 
more slowly, and methane is not burnt at all. 

Note — A narrow palladium tube, or a glass or fused silica tube packed with 
small pieces of palladium, may replace the tube con taming palladmised asbestos. 

879* Preparation of tlie Palladinised Asbestos. — Dissolve 1 gram of 
palladium in aqua regia, and evaporate the solution to dryness on the water- 
bath in order to remove free acid. Dissolve the residue in a small quantity of 
water, add about 5 c.c. of a saturated solution of sodium formate, and then add 
sodium carbonate solution until the reaction of the liquid is strongly alkaline. 

Introduce into this liquid about 1 gram of soft iong-fibied asbestos, which 
should absoib the whole of the solution. Remove the asbestos and heat it on 
the water- bath until it is perfectly dry ; then soak the fibres in a little water, 
place them in a funnel, and wash out the soluble salts. 

The palladmised asbestos prepared in this way is of a grey colour, and contains 
about 60 per cent, of palladium. It will cause a mixture of hydrogen and 
oxygen to combine at the ordinary temperature of the air, but the combination 
pioceeds more rapidly when the fibre is heated. 

880 Preparation of the Capillary Combustion-tube. — Procure a piece of 
fused silica or thick-walled hard glass tube one millimetre in bore and 20 cm. in 
length Then lay a few loose palladmised asbestos fibres (879), about 4 cm. in 
length, side by side on smooth filter- paper, moisten them with a drop or two of 
water, and twist them into a thread about as t^ick as stout sewing-cotton. Take 
up this thread with the forceps and push it down the tube, which is meanwhile 
held vertically. Now fill the tube with water, and bring the asbestos thread into 
the middle part by shaking the tube. Then diain off the water, dry the tube, 
and bend down its ends at right angles. The tul e is now ready to take the place 
of the ordinary capillary-tube (c, Fig. 121, p. 452). 

88l. The Process of Estimation of Hydrogen . — It is well to obtain some 
experience, by performing several estimations with known volumes of hydrogen 
and air, before an estimation of an unknown volume of hydrogen is made by 
the following process a 
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The volume of hydrogen which is taken for the estimation should not 
exceed 25 c.c. Read off the volume precisely, then lower the pressure-tube 
of the burette and allow about 75 c.c. of air to enter the measuring-tube. 
This will supply more than sufficient oxygen to burn all the hydrogen. Now 
read the total volume of the gaseous mixture accurately, after levelling the 
water, and interpose the capillary combustion-tube between the burette and 
a simple absorption-pipette ( 858 ) which is charged with water only. 

Next heat the middle of the tube ( 880 ) much short of redness over a 
small flat gas-flame or the flame of a spirit-lamp, and cause the gaseous 
mixture to pass through the tube from the measuring- tube into the pipette by 
raising the pressure-tube. The end of the asbestos thread will usually glow 
when the gas reaches it, but the flame must not be removed if the tube is of 
glass, else water may condense and cause it to crack ; a silica tube does not 
crack under these conditions. 

As soon as the gas has passed over completely, draw it back again through 
the heated tube into the measuring-tube. Then cause the gas to pass 
again forwards and backwards over the heated asbestos. In the case of a 
readily combustible gas like hydrogen, the combustion should now be complete. 
Read off the volume of the gas again accurately, and note if it becomes further 
reduced after the gas has been once more passed over the hot asbestos. These 
processes must bo repeated until no decrease of volume is noticed after the 
last passage of the gas over the heated asbestos. 

By subtracting the volume of the residual gas from the original volume 
of the mixture, the contraction of volume which has been caused by the 
combustion of the hydrogen is found. The volume of hydrogen which has 
been burnt is equal to two-thirds of this contraction. 

Example. — In a particular estimation, the following numbers were obtained : 

The volume of hydrogen employed *■ 22 8 0 . 0 . 

The total volume of hydrogen + air — 98 0 c.c. 

Hence the volume of air added — 98 0 - 22 8 -■ 75 2 c c. 

[Assuming the percentage volume of oxygen m air to be 21, the volume of 
oxygen introduced — 15 8 . Now 22 8 c.c. of hydrogen require 11 4 c c of oxygen 
for their complete combustion; hence, even if the gas under analysis were all 
hydrogen, there would be 4 4 c c more oxygen than is required for the combustion of 
the gas, and therefore an excess of oxygen must have been present.] 

The volume of residual gas after the combustion — 64 0 c.c. 

Therefore the volume of gas which has disappeared during the combustion 
— 98 0 - 64 0 — 34 c c. 

34 x 2 

Hence the volume of hydrogen originally present — — - — *■ 22 60. 

882. Estimation of Hydrogen, Methane, and Nitrogen. 

In the analysis of coal-gas and similar mixtures, the gases mentioned in 
paragraph 876 are first removed by absorption. 
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One of two methods may then be adopted. Either (1) the hydrogen may 
be first estimated by being burnt (88l), and the methane may then be mixed 
with oxygen and fired ; or (2) the hydrogen and methane may be mixed with 
oxygen and burnt simultaneously. In either case the nitrogen will be 
measured by difference. 

(1) First Method . — The Hempel apparatus is charged with water as 
usual, and the gas, or an aliquot portion of it, is then mixed with air, and the 
hydrogen is estimated as is described in paragraph 88l. The gaseous mixture 
with now only contain the methane and nitrogen, together with a known 
volume of nitrogen and oxygen from the added air. The methane and nitrogen 
in this mixture are estimated in the following way j 

Fio. 122. 



Tiie Hempel Explosion-p.pette. 

About 20 c.c. of the gas are mixed with more than the volume of oxygen 
required for their complete combustion, the total volume is then carefully 
measured and the mixture is fired. 

Note . — Bunsen states that the proportion of combustible gas in the mixture 
must be not less than 26 or more than 64 per cent., else nitrogen oxides may be 
formed. If the percentage is less than 26, the mixture refuses to burn unless a 
suitable volume of pure electrolytic hydrogen is added. No general rule can bo 
given as to the exact proportions to be used ; but the explosion should be observed, 
and it must be so rapid that the flame cannot be followed by the eye in its 
progress down the bulb. 

The mixture is fired by the spark from an induction-coil in a special form 
of Hempel Explosion-pipette (Fig. 122) which contains mercury instead of 
water. 
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In order to prevent loss of gas during the firing, the rubber joint should 
be bound by wire on the pipette at (e), and should not only be clamped but 
also closed by the insertion of a tightly fitting piece of glass rod. 

The decrease of volume caused by the firing is then noted, and the further 
diminution of volume resulting from the absorption of the carbon dioxide 
produced is also found ( 872 ). The volume of methane oiiginally present in 
the mixture will be equal to the volume of carbon dioxide absorbed, as is 
seen from the equation : CH 4 + 20 2 = C0 2 + 2H a O. 

The volume of nitrogen in the original mixture is found by subtracting 
the sura of the volumes of hydrogen and of methane from the volume of the 
original mixtuio. 

(2) Second Method. — About 30 c.c. of the mixture of hydiogen, methane, 
and nitiogcn is made up to 75 c.c. by mixture with oxygen (sec Note above). 

The mixture is fired as is directed in the first method, the contraction 
of volume which is caused by the combustion is noted, and the fuither con- 
traction which results from the absorption of the carbon dioxide by potassium 
hydrate solution is also observed. The volumes of hydrogen and of methane 
are then calculated as follows : 

If x — the contraction of volume caused by firing, and 

y = the contraction of volume caused by the subsequent absorption 
with potash, 

2 

Then the volume of hydrogen = - (x - 2 y) 

o 

and the volume of methane = y. 

The above equations are founded upon the facts (1) that the contraction 
of volume caused by flung is due to the combination of free and combined 
hydrogen with part of the oxygen present, to form water, and ( 2 ) that the 
CH 4 forms its own volume of carbon dioxide, 

883 . Example of Coal-gas Analysis —The sample of coal-gas was collected 
in a Ilempel burette, which had been filled with water previously saturated 
with coal-gas by passing the gas through it The original volume of gas was 
09 c c , and this was treated successively with the following reagents with the 
results stated below : 

(1) Potassium hydrate gave no absorption, hence carbon dioxide was absent. 

(2) Alkaline pyrogallate solution gave : 

Before absorption « G9 0 c c. 

After absorption *» 98 8 c.c. 

The Volume of oxygen =» 0 2 c c , and 

100 

The Percentage of oxygen «» 02 x — **°2 
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(3) Fuming sulphuric acid, followed by potassium hydrato solution gave s 
Before absorption = 98 8 c c. 

After absorption ■ 93 5 c c. 

The Volume of olefines and benzene — 5*3 c.c , and 

53 

The Percentage of olefines and benzene = -t x 100 = 5*3 


(4) Cupious chloride solution gave: 

Before absorption = 93*5 c.c. 

After absorption = 87 0 c.c. 

,\ The Volume of caibon monoxide = 6 5 c.c., and 

100 

The Percentage of carbon monoxide = 6*5 x — = 66 


(5) The residual 87 c.c. of gas, containing methane, hydrogen and nitrogen, 
were returned to the pipette, and the water in the burette was exchanged foi water 
saturated with air. 

30 8 c c. of th? gas were then mixed with sufficient oxygen in the explosion- 
pipette, and the total volume was now 75 2 c.c. This mixture was fired with the 
spark of the induction-coil, the volume was read off, and the lesidual gas was then 
exposed to absorption by potassium hydrate solution. The volumes read were 
a? follows : 

Befoio filing =~ 75 2 c o. 

After filing = 25 9 c o. 

*\ The Total contraction = 49 3 c c. 

Before absorption = 25 9 c o. 

After absorption = 13 9 c c. 

The Carbon dioxide fiom the methane = 12 0 c c , and 

Hence the Volume of methane = 12 0 c c , and 

87 100 

The Pci ceii tage of methane = 12 x x — = 34 2 (Note). 


, , „ , , 2(40*3-2 x 12) 2 x 253 

Also the Volume of hydrogen = = — = 16 9, and 

o o 

87 100 

The Percentage of hydrogen = 16 9 x — - x — *= 48*2. 

o0 8 99 • 


The Percentage of nitrogen (by difference) — 100 - 94*5 = 5 5. 

Note. — Coal-gas may contain a small amount of ethane and of other paraffin 
hydiocarbons In the estimation of its constituents as is described above, such 
paraffins would count as methane, but this would not have any important 
influence on the result 

For Results of Analyses of Coal-gas and of Blast-furnace Gas see paragraphs 

969,970- 
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884. Estimation of Carbon Monoxide by Combustion. — The processes 
for estimating hj'diogon by combusion (88l, 882) are also applicable to the 
estimation of carbon monoxide in a furnace-gas, if the carbon dioxide present 
in the mixture has been first lemoved by absorption. 

Fiom the equation * ^ + ~ it will be seen that the 

2 \ol* 1 \oI 2 voia 

original volume of CO is equal to double the contraction caused by its com- 
bustion ; or to two thuds of the total contraction caused by the combustion, 
followed by the absorption of the xesultmg carbon dioxide by potassium 
hydiate solution. 

When carbon monoxide is to be estimated in the presence of hydrogen, 
it is necessary to note both the contraction caused by firing and the loss of 
volumo which i« afterwards caused by the absorption of the caibon dioxide 
produced, in older to calculate the volume of each of the combustible gases. 

885. Estimation of Oxygen by Combustion. — The proportion of oxygen 
present rn the atmospheie may be estimated by the processes of combustion 
for determining hydrogen (88l, 882). A known volume of hydrogen in 
excess is added to the air, and the deorease of volume caused by its combustion 
is noted. The volume of oxygen originally present is equal to one-third of 
this decrease. 




PART VI.-SECTION XVII. 

THE LUNGE NITROMETER. 

THE RUSSELL-WEST APPARATUS. 

THE PETTENKOFER PROCESS. 

The Lunge Nitrometer. 

890 . The Lunge Nitrometer (Fig. 123) ia ao called because it was 
originally devised for the analysis of “ nitrous vitriol.” It can be used for 
many analytical processes which involve the 
measurement of a gas. Fig. 123. 

Like the Hempel burette, it consists of two 
tubes, the measuring-tube and the pressure- 
tube. 

The measuring-tube (a) in Fig. 123 has 
a capacity of 50 c.c., and is graduated into 
fifths of a c.c. : it is calibrated according to 
the directions given in paragraph 845 . The 
measuring-tube is connected by means of thick- 
walled rubber tubing with the pressure-tube 
(ft), which is not graduated. The apparatus is 
usually charged with mercury ; but water, 
glycerine, strong brine, or oil may be used for 
special purposes instead of mercury. 

To the top of the measuring-tube (a) is fitted 
a special stop-cock (d), in connection with which 
is a cup (/), and a strong capillary-tube (e). 

In the figure the stop -cock is shown opening 
communication between the measuring- tube 
and the cup. When the stop-cock is turned 
half round, communication is opened between «p HK Lunge Nitrometer. 
the capillary-tube and the measuring-tube ; 

but if the stop-cock is turned only one-quarter round, communication between 
the capillary- tube the measuring- tube and the cup is cut off. 

It will be seen, therefore, that this stop-cock renders it possible to draw 
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a gas into the measuring-tube through the capillary-inlet (e). The gas can 
then be exposed to a liquid reagent by pouring the reagent into the cup (/), 
putting the cup into communication with the measuring-tube (a), ^nd drawing 
the liquid into the measuring- tube by lowering the pressure- tube (6). The en- 
trance of air into the measuring-tube through the cup is prevented, by turning 
the stop-cock one-quarter round, as soon as all the liquid has entered. 

891. Another Form of the Nitrometer is used for measuring larger 
quantities of gas. For this purpose a bulb is blown in the measuring- tube 
(a) immediately below the stop-cock. The bulb has a capacity of nearly 
100 c c., and the first graduation on the tube below the bulb is for 100 c.c ; 
the graduations are continued down the tube until 140 c c. are registered. 
A bulb is also blown upon the lower part of the pressure-tube ( b ) ; this bulb 
must be of sufficient capacity to hold the mercury which is required for the 
measuring-tube. 

According to the volume of gas to be dealt with, either the ordinary form 
or the more capacious foim of the nitrometer is used. 

A number of applications of the Lunge nitrometer are described in the 
following paragraphs. 


Estimation of the Amount of Nitrogen Oxides in Nitrous 

Vitriol. 

892. Remove the stop-cock (d) from the measuring- tube of the nitiometer 
(Fig. 123), and cleanse and diy the surfaces of the stop-cock and of the seat 
into which it fits. Then lightly smear some resin cerate, vaseline, or rubber- 
grease over the surface of the stop-cock, push the stop-cock into its seat, and 
turn it until the cup (/) is in communication with the measunng-tube (a). 

Now fill in mercury, until, when the pressure-tube is raised, the mercury 
fills the measuring-tube (a) and just enters the stop-cock, and reaches a level 
of about 5 cm. in the pressure-tube (&). Carefully remove all air-bubbles 
adhering to the inside of the measuring- tube. 

Then close the stop-cock, and lower the pressure- tube until the level of 
mercury in it is considerably below that in the measuring- tube (a). If the 
apparatus is air-tight and has been freed fiom air-bubbles, no bubble of air 
will be visible at the top of the mercury column in the measuring-tube (a) 
after the apparatus has stood for several minutes. Then bring the surfaces 
of the columns of mercury in both tubes to the same level by raising thf 
pressure-tube (6). 

Now pour into the cup (/) a known quantity of the nitrous vitriol (No/e) 
varying from 0*5 to 5 c.c. according to the quantity of nitrogen oxide which 
it is believed to contain. 
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Note . — If any SO a is present in the nitrous vitriol, it must bo oxidised by 
adding a small quantity of powdered potassium permanganate before the acid 
is introduced into the nitrometer. 

Now cautiously open the stop-cock, and allow the acid, with the exception 
of a small drop, to run into the measuring -tube (a). Then pour into the cup 
3 c.c. of strong sulphuric acid, free from nitrous compounds, and allow this 
to run into the measuring- tube (a). Repeat this operation with 3 c.c. moie 
of the acid, taking care that no air enters the tube. 

Then grasp the measuring- tube in the hand, unclamp it, and start the 
evolution of nitric oxide by bringing the acid into contact with the mercury. 
This is effected by lowering the tube several times almost to the horizontal 
position, and then suddenly raising it again to an upright position. Finally 
shake up the mercury with the acid until no more gas is given off. 

Then clamp the tubes ( a, b) at such relative heights that tho gas in the 
measuring- tube is approximately undor atmospheric pressuie. For this 
purpose it may be assumed that 7*6 mm. of the strong acid in the measuiing- 
tube balance 1 mm. of mercuiy m the pressure- tubo. Allow the appaiatus 
to stand in this position until its contents have gained tho temperature 
of the air. 

The levels of the tubes are now once more adjusted as before, if necessary. 
A little strong acid is then poured into the cup (/), and the stop-cock (d) is 
cautiously turned, so as to place the cup and the measuring- tube in communi- 
cation with one another for a moment. It is easily seen whether tho acid 
in the cup tends to enter the measuring-tube, or to be expelled ; and the level 
of the pressure-tube can be adjusted accordingly, until the gas is proved by 
slightly opening the stop-cock to be exactly under atmospheric pressuic. 

The measuring- tubo should always be grasped by the cup (/) during the above 
final adjustments, so as to avoid heating and expanding the gas by touching tho 
graduated part of the tube with tho hand 

The volume of the gas is then read off, and the atmosphenc tempeiature 
and pressure are noted down at the same time. It is well to take another 
reading of the volume after half an hour, and if this agrees with the former one 
the gas is proved to have attained tho atmosphenc temperature. 

Each c.c. of nitric oxide at 0° and 700 mm. ( 839 , 1) icpiesents 1*343 
milligrams of this gas. This is equivalent to 0 627 milligrams of nitrogen, 
to 1*701 milligrams of nitrogen trioxide, and to 2*830 milligrams of nitric 
acid. 

After the reading of the volume has been taken, lower the measuring- tube 
and raise the pressure-tube (b ) ; then open the stop-cock, so as to allow both 
the gas and the acid to pass from the measuring- tube through the capillary- 
tube, the acid being collected in a beaker. 
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Estimation of an Alkaline Nitrate by the Ltjnge Nitrometer. 

893. The above process (892) is easily adapted to the estimation of com- 
mercial potassium or sodium nitrate. A quantity of the nitrate, which will 
evolve rather more than 100 c.c. of nitric oxide gas, is weighed, and is mtio- 
duced into the Jarger form of the nitrometer (891) as is directed l*elow. 

For practice in the process, weigh out 0*4 gram of finely powdered sodium 
nitrate. Place this powder in the cup (/) of the nitrometer, and add about 
half a c.c. of water. As soon as the nitrate is dissolved, diaw the solution 
into the measuring- tube. Then pour half a c.c. of water into the cup, and 
draw this also into the measuring-tube. 

Finally introduce 15 c.c. of strong sulphuric acid, and proceed to make the 
estimation in the manner descubed in paragraph 892. Th^ apparatus should 
stand for two hours beforo the reading of the volume is taken, in order that 
the gas may gain the atmospheric temperature ; and another reading, taken 
half an hour later, should correspond with the first. 

After the volume of the gas has been calculated at normal piessuie and 
temperature (839, 1), each c.c. represents 3*805 milligrams of sodium nitrate 
or 4*522 milligrams of potassium nitrate. 


Gas Analysis by the Lunge Nitrometer. 

894. By employing the Lunge nitrometer (890) with the Hempel pipettes 
(858), gases which aie soluble m water can bo estimated. Instead of the 
ouhnary Ilempol pipettes, similar pipettes of smaller size and partially filled 
with meioury may bo used. 

All the gases mentioned in paragraph 877» with the exception of chlorine, 
may be estimated in this way by means of the nitrometer. 

In certain cases the absorption may be effected in the nitrometer itself. 
For this purpose the absorbent liquid is drawn from the cup into a measured 
volume of the gas, contained in the measuring-tube. The tube is then shaken, 
and the volume of the residual gas is read off as has been already described 

(892). 


Analysis of Gases Dissolved in Water or in other Liquids. 

895- Gases which are dissolved in water may be removed by boiling the 
wa 4 or, and may then be received directly in the measuring- tub 3 of the Lunge 
nitrometer [896). 
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A more accurate method consists in removing the gases m a special appa- 
iatus, and then transferring them to a gas-analysis apparatus (897)* 

A special method for the estimation of dissolved oxygen by titration has 
been already described (645)* 

896. Removal by Boiling into the Lunge Nitrometer . — Connect a flask, of 
known capacity, with the capillary-tube (e) of the Lunge nitrometer (890) 
by means of a short piece of narrow rubber tubing, fitting one end of this 
tubing upon the capillary- tube (c) and attaching the other to a short piece 
of glass tube which passes just through a cork in the neck of the flask. 

Now charge the nitrometer with mercury (892), and fill the flask with 
the liquid containing the gas. Connect the capillary (e) with the measuring- 
tube (a), and press down the cork into the neck of the flask. The air from 
the connecting-tube is thus transferred to the measuring-tube, and the liquid 
will fill the capillary- tube. Shift the position of the stop-cock, and expel the 
air from the measuring- tube through the cup (/) by raising the mercury level. 

Again connect the flask with the measuring-tube (a), and heat the liquid 
in the flask until all the dissolved gas is expe led. Collect the gas in the 
measuring- tube by lowering the pressure- tube, then allow the gas to cool 
and measure it. Proceed to analyse the gas by submitting it to the necessary 
absorbents (862 et seq.). 

This method is rendered somewhat inaccurate owing to a portion of the 
unboiled liquid containing the gas being transferred by the boiling to the 
measuring- tube. 

897- Removal by Heating in Vacuo . — The more satisfactory method con- 
sists in removing the gases from solution by exposing the liquid in a vacuous 
space, and at the same time heating it if necessary. The gases are then r moved 
from the space by m ans of a mercury Spr ngel pump, and are in roduced 
into the gas- apparatus for analysis. 

A simple form of apparatus for effecting the removal of the gases from 
the liquid is s-hown in Fig. 124. 

The glass apparatus, supported by a special stand, has a nearly complete 
vacuum produced in its interior by connecting the tube E with a Geissler 
wa'er-isp rator (Fig. 48, page 49), the exhaustion being continued until the 
mercury in the gauge D remains stationary. The stop-cock in the tube E is 
then closed, and the tube N is connected with a Sprengel mercury pump, 
by means of which the exhaustion is completed. 

The water from which the ^ as is to be extracted is then poured into the 
upper vessel C, which is graduated to deliver either 25 c.c. or 50 c.c. ; the 
accurately ground stopper is inserted, and the liquid is allowed to descend 
into the bulb A by opening the stop-cock F \ The water descends into the 
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flask B , the neck of which is connected by a rubber joint with the lower neck 
of the bulb A ; this rubber joint is surrounded by water contained in a glass 


Fiq. 124% 



Extraction of Dissolved Gases. 


tube whioh can be moved up or down on the neck of the flask. A thermo- 
meter may be suspended by wire in the flask B . 
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After the liquid has been introduced into the flask J3, the apparatus is 
allowed to stand for about an hour in order to permit the dissolved gas to 
escape into the vacuous space. The evolution of gas may be known to have 
ceased when the mercury m the gauge D ceases to fall. The gas is then 
removed from the apparatus by setting the Sprengel pump into action, and 
is collected over mercury and removed to a gas-analysis apparatus. 

It is frequently necessary to heat the liquid, in order to remove the 
carbon dioxide which still remains in solution in the form of bicarbonates 
in hard waters. The upper bulb A is then covered with a porous fabric 
which is well wetted, the cooled bulb serving to condense any steam which 
arises from the liquid in the flask B. Water may, if necessary, be allowed 
to drop upon this fabric, the excess flowing off from the water-jacket below 
by a rubber tube. The water in the flask B is heated by a flame and is kept 
boiling as long as the mercury in the gauge D descends: the gas is then 
pumped off as before and analysed. 

If the liquid has to be drawn from a bottle or other vessel without under- 
going exposure to the air, the capillary- tube H is filled with distilled water 
from which the air has been recently removed by boiling, and is attached 
to the vessel G. The tube is immersed m the sample, and the water is drawn 
up into the vessel C by opening the two-way stop-cock F. 

The Results Obtained by the extraction and analysis of the gases from several 
samples of water will be found in paragraphs 971-974. 


Estimation of Substances which evolve a Definite Amount 
of Gas when they are Decomposed. 

898. For the estimations described in paiagraphs 899-905* either the 
Lunge nitrometer or the apparatus described in paragraph 908 may be used. 

The Lunge apparatus is usually filled with mercury, but other liquids 
may be substituted in special estimations. Thus m testing sweet spirit of 
nitre, by measuring the amount of nitric oxide gas evolved when the spirit 
is treated with a solution of potassium iodide and sulphuric acid, a solution 
of salt is used instead of mercury. 

In some cases the decomposition of the substance may be effected in the 
nitrometer itself, as is described under the estimation of sodium nitrate 

(893)- 

But the substance may also be decomposed in a flask connected with the 
nitrometer, and the amount of air displaced by th r * gas may be measured $ 
mercury should then be used m the apparatus. An illustration of this method 
is furnished by the estimation of the amount of carbon dioxide evolved from 
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a carbonate by treatment with an acid. A bottle or flask, containing a little 
tube of acid (Fig. 72, p. 110), may be fitted with a cork and plain delivery- 
tube, and will serve for the decomposition of the carbonate ; the acid-tube 
may be fused in a vertical position upon the bottom of the flask, in order to 
lessen the risk of breaking it. 

If mercury is used in the nitrometer the flask may be connected, by means 
of a tube passing through the cork and a short piece of rubber tubing, with the 
capillary-tube (e) of the nitrometer. 

In calculating the percentage weight from the volume ol gas actually read 
off, it will be necessary to calculate the volume which the gas would have if 
it were dry and at normal temperature and pressuie ( 839 , 2 ), and then to 
calculate the weight of this volume from known data (IOOO). 

899. Estimation of Ammonium Salts and of Urea in Urine.— 
The Lunge apparatus, or that described in paragraph 908 , may be used in 
the estimation of urea and of ammonium salts. Fuller particulars of the 
reaction, upon which the process depends, are given in paragraphs 906 , 910 . 

About 0*25 gram of the solid substance is accurately weighed out 
and is introduced into the decomposition -flask (D, Fig. 72, p. 110). 10 c c. 

of the sodium hypobromito solution ( 907 ) are then introduced into the inner 
tube. A cork with a short delivery-tube is now fitted into the neck of the 
flask, and the flask is connected by a short piece of lubber tube with tho 
capillary-tube (e) of the nitrometer as has been already described, the nitro- 
meter being charged with mercury. 

The tap of the nitrometer is then turned so as to bring the flask into 
communication with the measuring- tube, and the flask is placed on its side 
and its contents are gently Bhaken until no more gas is given off. The mercury 
levels are now roughly adjusted, and the whole apparatus is allowed to stand 
for fifteen minutes. The levels are then accurately adjusted, and the volume 
of the gas and the atmospheric temperature and pressure are read. The 
volume of gas is then corrected for the tension of water -vapour, and for tem- 
perature and pressure ( 839 , 2 ). 

Ammonia evolves, under the above conditions, 97*5 per cent, of its nitrogen, 
and urea 92 per cent. Each c.c. of nitrogen evolved, when corrected for 
temperature, pressure, and moisture, accordingly corresponds to 0*001662 
gram of ammonia, and to 0*002952 gram of urea. 

Each c.o. of N may be taken as representing 0*002687 gram of urea, on the 
assumption that the urea evolves all its nitrogen ; this assumption however 
is only strictly correot when much sugar is present ( 906 ). 

900. Estimation of Substances which evolve Carbon Dioxide 
when they are decomposed.— The same apparatus (898, 899) can ho 




901 - 905 .] 


THE RUSSELL- WEST APPARATUS. 


473 


used for estimating the carbon dioxide evolved from carbonates, such as the 
commercial alkaline carbonates and bicarbonates, limestone and bone- 
charcoal. The apparatus also serves for the valuation of manganese-ores 
by means of oxalic acid (416), and for estimating oxalates by means of manga- 
nese dioxide (187)* 

The amount of carbon dioxide evolved falls below that contained in the 
substance, owing to the solubility of the gas in the acid ; but it is stated that 
the addition of 7 per cent, to the observed volume coriects this deficiency, 
if 10 c.c. of hydrochloric acid of 1*12 specific gravity are used for the decom- 
position of the carbonate : 

901 Estimations by Treatment with Hydrogen Peroxide and Measurement of 
the Oxygen evolved — VVhon certain bodies, which contain “ active oxygen,” 
are biought into contact with hydrogen peroxide, the active oxygen of both 
substances is liberated as oxygen gas. The measurement of the volume of oxygen 
evolved serves to indicate the amount of the substance present The following 
bodies may be estimated in this way : 

902 Hydrogen Peroxide may be estimated by mixing its dilute solution with 
excess of an acid solution of potassium pcimanganate ( 330 ) Two c c of 
hydrogen peroxide diluted with 10 c c. of water are poured into the inner tube, 
and a nnxtuie of about 20 c c. of the decmoimal pcimanganate solution with 
20 c c. of dilute sulphuuc acid is introduced into the decomposition-flask. The 
following leaction occurs when the liquids are mixed . 2KMn0 4 + SH.,0^ + 3H s S0 4 
«= KjS0 4 + 2MnS0 4 + 8 H 2 0 + 50 2 , from which it is evident that half the 
measured volume of oxygen which is liberated is yielded by the hydrogen 
peroxide. 

903 Potassium Permanganate — The process is the converse of the pre- 
ceding one ( 902 ), excess of H 2 0 8 being allowed to act upon a weighed quantity 
of the permanganate solution acidified with dilute sulphui ic acid 

904 Manganese Ores — Any carbonate present in the ore i 9 first decom- 
posed by means of dilute H,S0 4 , excess of H i 0 i is then added, and the evolved 
oxygen is measured : 

Mn0 2 + H i vS0 4 + H 2 0 2 *■» 0 2 -f MnS0 4 + 2H 2 0. 

905 Bleaching-powder — The bleaching-powder solution is treated with 
H 2 0 2 as is described above Half the total volume of the oxygen evolved is 
liberated by the bleaching-powder, and each c c. of oxygen which is liberated by 
the bleaching-powder corresponds to 0 006341 gram of “ available chlorine.” 


The Russell-West Apparatus. 

This apparatus was originally devised for estimating the percentage of 
urea in urine, but it may be adapted to many processes of estimation m 
which gas is evolved by a chemical reaction. 
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906 . The Estimation of the Percentage of Urea in Urine is 
frequently required for medical purposes. 

The chemical reaction of urea solution with an alkaline hypobromite 
furnishes the most convenient process for its estimation. The result of the 
reaction is the evolution of 92 per cent, of the nitrogen of the urea in the 
gaseous form. This nitrogen may be collected and measured in any con- 
venient form of gas-apparatus ( 899 ), and the amount of urea which has 
evolved it may then be readily calculated. 

Certain inaccuracies arise when the urea is determined by this process 
in urine instead of in pure urea solution, and for the following reasons : 

Other nitrogenous bodies in the urine besides the urea evolve a minute 
proportion of nitrogen, but the amount of nitrogen thus evolved is so small 
that it may be safely disregarded. 

The effect of the presence of glucose in diabetic urine is, however, much 
more considerable. It tends to increase the proportion of nitrogen which 
is evolved from the urea by the action of the hypobromite ; and if the diabetic 
urine is mixed with a quantity of cane-sugar ten times as great as that 
of the urea which it contains, the urea will evolve at least 99 per cent, of its 
nitrogen. The addition of cane-sugar to a diabetic urine is accordingly 
recommended, since it causes practically the whole of the mtiogen of the urea 
to be evolved. 

The following account of the manipulation is given in connection with 
the special form of apparatus devised by Russell and West , it can, however, 
be readily adaptod to any other form of apparatus which is suitable for the 
estimation. 

907 . The Sodium Hypobromite Solution is prepared by dissolving 100 
grams of caustic soda in 250 c.c. of water, and mixing 25 c.c. of this cold solution 
with 2*5 c.c. of bromine immediately before the liquid is required for the 
estimation. This quantity will suffice for one determination only. The 
bromine may be kept sealed in separate tubes in the requisite quantity. 

908 . The Russell-West Apparatus is shown in Fig. 125. It consists 
of a little circular metal trough, which is about 5 cm. deep and is sup- 
ported by three legs. The decomposition-tube in which the reaction occurs 
is seen beneath the trough, into a tubulure of which it is fitted water-tight 
by means of a perforated cork. It is a glass tube, about 25 cm. long, and 
about 1*5 cm. in internal diameter. Its upper end is somewhat narrowed, 
and projects above the cork, so as to deliver the escaping gas without loss 
into the measuring-tube. The lower end consists of a tapering bulb, about 
6 cm. in length and constricted at its neck to 1 om. in internal diameter. 
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The capacity of this bulb should be about 12 c.c. A thin glass rod, about 
25 cm. in length, is fitted with a narrow ring of rubber tubing round its lower 
end, so that when it is dropped into the decomposition-tube it closes the 
constriction above the bulb. 

The Measuring-tube , in which the nitrogen is collected, is about 2 cm. 
in internal diameter and about 40 c.c. in capacity. This tube may be 
graduated in c.c.s, but it is usually graduated 
m such a way that the percentage of urea is 
read off directly from the graduations. The 
latter method of graduation is based on the 
fact that when 5 c.c. of a 2 per cent, solution 
of urea are treated in the apparatus with hypo- 
bromite solution in the usual way, they evolve 
37*1 c.c. of nitrogen, measured at ordinary 
pleasure and temperature. This volume of 
nitrogen is accordingly marked as 2 per cent., 
and the other graduations, which are derived 
from this, similarly indicate percentages of urea. 

It may be noted that the increase of the 
normal volume of the nitrogen at ordinary tem- 
perature, which is due to temperature and to 
the pressure of aqueous vapour, almost precisely 
counterbalances the deficiency of 8 per cent, m 
the volume of the nitrogen which is evolved 
from the urea. Russell-West Apparatus 

909. The Process of Estimation. — Five c.c. of urine are allowed to 
flow from a pipette into the decomposition-tube, and the sides of the tube 
are rinsed down with distilled water, until the bulb is filled as far as the 
constriction. The glass rod with rubber end is then placed in the tube, so 
that it closes the constriction. The decomposition-tube is finally filled with 
the freshly prepared hypobromite solution. Water is then poured into the 
trough until it is half filled : and the measuring- tube is filled with water, 
closed with the thumb, inverted in the trough, and placed in the little well 
seen to the left. 

The glass rod is now withdrawn, and the measuring-tube is quickly shifted 
into the other well of the trough, so as to rest upon the cork and cover the 
opening of the decomposition-tube. 

The reaction commences as soon as the urine and the hypobromite solutioz 
mingle, and if the bulb is warmed with a small Bunsen flame the evolution 
of gas will usually cease in about five minutes. The measuring-tube is 
then shifted into the well, and the volume of nitrogen is read off as soon 


Fig. 125 . 
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as the gas has had time to attain the temperature of the air. The liquid in 
the decomposition-tube at the end of the process must smell distinctly of the 
hypobromite, proving that this reagent is present in excess. 

910 . Excessive Urea and Albumen. — If the urine contains an 
unusually high percentage of urea, it will be necessary to dilute it with its 
own volume of water and to use 5 c.c. of this diluted sample. The result 
obtained must then be multiplied by 2 . 

If albumen is present in large amount, it must be coagulated by adding 
a few drops of acetic acid to the urine and heating it : the liquid is then 
filtered, and the clear filtrate is used for the estimation. If this treatment 
is omitted, a considerable amount of froth is produced in the measuring- tube, 
which retards, or renders impossible, the measurement of the nitrogen. 


ESTIMATION OF GAS BY ABSORPTION AND 
TITRATION. 


Estimation op Carbon Dioxide in Air by Titration, by the 
Pettenkofer Method. 

912 . Since carbon dioxide is a product both of respiration and of com- 
bustion, it frequently accumulates in undue proportion in the air of closed 
rooms. A simple and rapid method of estimating its proportion in the air 
is therefore of great importance, since the result of the estimation enables 
a judgment to be formed regarding the efficiency of the system of ventilation 
which has been adopted. This is especially valuable to engineeis and 
otheis who are concerned in the heating and ventilation of buildings. 

The average percentage volume of carbon dioxide in fresh outside air is 
from 0*029 to 0*03. This average is calculated from a very large number of 
the most trustworthy results. 

913. Pettenkofer’s Method of determining the Proportion of 
Carbon Dioxide in Air depends upon finding the amount of calcium 
or barium hydrate which is precipitated as carbonate from solution, when 
lime- or baryta-water in excess is well shaken with a known volume of the 
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This may be effected by using a known volume of lime-water, the strength 
of which has been determined by titration with a standard acid solution, 
After the lime-water has been exposed to the measured volume of the air, it 
is again titrated with the acid. The difference between the two volumes of 
acid which are required in these titrations gives the volume of the acid 
solution w T hich is equivalent to the carbon dioxide absorbed from the air. 
From this result the weight and the volume of carbon dioxide, which was 
present in the known volume of air, can be calculated. 

The following are requisites for this process : 

(a) A strong clear Glass Bottle is selected, from 8 to 10 litres in capacity, 
and with an unground neck which can be closed air-tight by means of an 
accurately fitting rubber cork. The exact capacity of the bottle is ascertained 
by filling it with water to a scratch on the neck, which marks the bottom of 
the cork : the water is then poured into a measuring- vessel in order to ascer- 
tain its volume. The capacity should be written on the bottle with a diamond 
pencil, or with the point of a sharp file. 

The bottle is thoroughly cleansed, and is rinsed out several times with 
distilled water. Its interior is then perfectly dried. This is effected either 
by draining it and leaving it open for some time in an inverted position : or 
more rapidly, by placing it in a heated oven and occasionally sucking out 
the air from the interior by means of a clean dry glass tube pushed down to 
the bottom of the bottle, or blowing out the moist air by bellows. The clean 
dry rubber cork is then pushed in, until it reaches the mark on the neck. 

When experience has been obtained in the estimation, a bottle of only two 
litres capacity may be used, as this will suffice for one estimation without providing 
for a repetition 

(b) A Hand Bellows with rubber tube on the nozzle is required, by means 
of which the air from any desired locality can be blown into the bottle until 
the air in the interior has been displaced. A volume of air, at least five oi 
six times as great as the capacity of the bottle, should be blown to the bottom 
of the bottle by the bellows, which are drawing air from the desired posi- 
tion. Either Fletcher -blowers or ordinary hand-bellows may be used. They 
should be clean and air-tight. 

(c) Saturated Lime-water is made by repeatedly shaking up freshly slaked 
lime with water m a Winchester quart bottle, which is nearly filled with the 
water. The solution is rendered clear by subsidence or by filtration. The 
perfectly clear solution is stored in an accurately stoppered Winchester 
quart bottle. Unless alkalis are known to be absent, a few drops of barium 
chloride solution should be added to the lime-water. 

(d) The Standard Hydrochloric Acid Solution is prepared by diluting 
60 c.c. of normal hydrochloric acid ( 290 ) to a litre with distilled water, which 
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has been recently boiled for a quarter of an hour to free it from dissolved 
carbon dioxide, and then cooled. Each c.o. of this twentieth-normal acid 
corresponds to 0*558 c.c. of carbon dioxide measured at 0° C. and at 760 mm# 
pressure. 

Note — A solution of oxalic acid of one-twentieth normal strength may be 
prepared more conveniently, if the normal hydrochloric acid is not at hand, by 
dissolving 3 15 grams of pure crystallised oxalic acid in water and making this 
solution up to a litre ; but the oxalic acid solution is liable to change when it is 
kept, and must therefore be used as soon as it is prepared. If the acid solution 
is made by diluting 89 6 c c. of the decinormal acid to a litre, each c c. will corre- 
spond exactly to 1 c.c. of carbon dioxide measured under normal conditions. 

(e) Solution of Phenol-phthalem (269) is the most convenient and suitable 
indicator. But turmeric-paper (26j), which has not lost its full yellow colour, 
rnay be used in case of necessity. 

914. The Process of Estimation.— By means of the bellows (b) a 
volume of the air which is to be tested, equal to at least six times the capacity 
of the bottle, is blown down to the bottom of the 8 to 10 litre bottle (a) ; 
100 c.c. of the lime-watsr (c) are then at once introduced, the rubber cork is 
inserted, and the atmospheric temperature and baromotiio pressure are 
noted down (Note 1). 

The bottle is now laid on its side and is rolled along on a level surface, 
so as to wet the interior with the lime-water ; this process is repeated several 
times during half an hour. Twenty c.c. of the liquid are then withdrawn 
from the bottle, by moans of a dry pipetto with rubber tube attached to its 
top, and the bottle is immediately closed (Note 2). 

The 20 c.c. taken dnect fiom the bottle (a) are at once introduced into a 
small flask and are titrated by the standard hydrochloric acid (d), the liquid 
being coloured with solution of phenol-phthalein, and the disappearance of 
the colour indicating tho end of the reaction (269). Or if turmeric-paper 
must be used, a small drop of the liquid is removed occasionally fiom the 
flask and placed upon the paper ; the brown alkaline tint on the paper is 
last seen at the edge of the wet spot, just before it disappears completely on 
the addition of a little more acid. 

At least one repetition of the titration should be made, so as to obtain 
accurately the volume of acid required. From this result the volume of acid 
which would bo required by 100 c.c. of the original lime-water, after exposure 
to tho air m the bottle, is calculated. 

A measured volume of the original lime-water (c) is then titrated with 
the standard acid, and tho volume of acid which would be required to ncutialise 
100 c.c. of this lime-water is calculated. 

The difference between the volumes of the acid solution, which would be 
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required for 100 c.c. of lime-water before and after its exposure to the sample 
of air, is thus ascertained. This volume of acid corresponds in neutralising 
power to the carbon dioxide which was originally present in the sample of 
air in the bottle. 

Note i — The Smaller Bottle of about 2 lities capacity may be used {Note, 913, a) 
for the air-sample when experience has been obtained in the process. The proce- 
dure is similar to that described above for the huger bottle, but only 20 c c. of 
lime-water are introduced, and the whole of this is subsequently titrated at once 
by letting the standard acid flow directly into the bottle from the burette. 

Note 2 — Throughout the whole of the manipulation in the above process, it 
is evidently necessary to guard as far as is possible against the further absorption 
by the lime-water of carbon dioxide from the open air or fiom the breath This 
is secured by making the exposure of the lime-water to the open air as bnef as 
possible. Any distilled water which is used for dilution should also have been 
recently boiled and rapidly cooled, so as to be free from carbon dioxide. 

A repetition of the piocess, with rapid titration, in the presence of air, furnishes 
a result which is sufficiently accurate for ordinary purposes 

The use of the smaller bottle for the air-sample, in which the lime-water is 
titrated without being removed, is of course preferable. 

Example — The results of an actual estimation were as follows : 

Capacity of the bottle «= 2360 c c ; tempcratuie of tho sample of aii 
15° C ; atmospheric pressure — 762 mm. 

N 

20 c.c. of the original lime-water required 18 0 c c. of — HC1, 1 c c. of 

which corresponds to 0'558 c c. of CO, at 0° C. and 760 mm ptessure. 

20 c c. of the lime-water after being shaken with the sample of air required 
N 

16-8 c c. of — HQ. 

Therefore the CO, m the sample is chemically equivalent to 18 0 - 15 8 -* 

N 

2*2 co of — HC1. 

And since each c c. of this acid corresponds to 0 558 c c of C() 2 , the 
volume of CO, = 2 2 x 0*558 *= 1 2276 c c at 0° and 760 mm. 
pressure 

The volume of air in the bottle at 15° C and 760 mm pressure — 
2360 x 762 

760(1 + 0 0031 65 x 15 ) “ 2237 C 0 at ' 0 C and 760 mm 

1 2276 x 100 

Hence the percentage volume of C0 2 — “0037 ** 0*054. 

915 The Following Series of Results will serve to indicate the varying 
degrees of efficiency attained in tho ventilation of different buildings They also 
indicate the effect on pure country air of polluted colliery air brought in by the 
wind. 

The results are stated as percentages by volume of CO, in the air taken from 
the localities indicated, and are probably accurate to the second place of 
decimals 




480 


CARBON DIOXIDE IN AIR. 


[ 915 , 


Nottingham * 

The top of the Castle Rock ; fresh air outside . . . 0 038 

University College, the grounds . . , . . . 0 043 

„ „ the chemical laboratory, evening, 30 students 0 069 

Masonic Hall, lower room, 12 pm. . . . . .0*179 

„ >» upper room, during dancing . . . .0 312 

Circus building, promenado, 10 pm . . . . . 0 326 

Private sitting-room, 1620 cubic feet capacity, open fiieplace, 

closed for 3 hours with two persons and three gas-jets . . 0 284 

Committee-room, closed for 2J- houis with fifteen persons and 

twenty-seven gas-jets . . . . . . . 0 418 

Wesleyan Chapel, near floor, after afternoon service, windows and 

doors closed . . . . . . . . .0218 

Pasture fields, Dorbyshiio, wind from hills, bright moi rung . . 0 030 

Pasture fields, Derbyshire, morning misty, wind from village and 

colliery with burning “ waste heaps ”, . . . 0 045 


London : 

Charing Cross, February ; fresh air outside . . . . 0 032 

Lunatic Asylum ward, outside London ..... 0034 

„ „ fresh air outside . . . . . 0 025 

Air inside Greathead tunnelling shield . . . . .0 218 

Theatre, gallery . . . . . . . . . 0 175 

„ upper ciicle ........ 0 228 

Chelsea, average on fine days • . . . . . 0 040 

„ „ foggy days 0 100 


Chemical laboratory, 36 students and 40 gas-burners, fine day . 0 092 

„ „ foggy day . 0 125 


Small chemical lecture room, 40 students picsent for 3 houis . 0*151 
Chemical lecture theatre, 27 students present fori hour . . 0 053 

Gymnasium, 46 men piesent for 2 hours, \<nhlated only from 

the corridor ......... 0 197 

Underground railways ...... 0044 to 0116 


lifts .... 0082 ,,0 132 

carnages (closed) . . . 0 090 ,,0 288 


The above rosults serve a measure of the adequacy of the ventilating arrange- 
ments, which vanes inversely as the proportion of carbon dioxide found in the air 
of the building. 


But to enable a corroct judgment to be formed, a determination of the percentage 
of carbonic dioxide present in the an outside the inclosed space should also geneially 
bo made, since in many places it cannot be assumed that the external air contains 
only 0*038 per cent, of carbon dioxide, and manifestly the internal air should be 
compared with the air ouwdo the mclosure which is being examined The above 
experimental rosults show that external air in London m fine weather contains 
much less carbon dioxide than it does m foggy weather, and this difference natuially 
affects also the internal air of buildings. 


PART VI— SECTION XVIII, 


VAPOUR DENSITY DETERMINATIONS 


920. Introductory Kemarks.— By the term “ vapour density ” is 
usually meant the density or specific gravity of a vapour referred to that 
of hydrogen as unity. 

For chemical pui poses hydiogen is invariably selected as the standard 
Instead of air, and mainly for the following reason. It is acknowledged that 
equal volumes of gases and vapours under similar conditions contain an 
equal number of moleculos, and that the molecule of hydrogen consists of 
two atoms; accordingly the molecular weight of a gas or vapour may be 
obtained by multiplying its density by 2. The determination of the vapour 
density of a substance therefore furnishes a moans of ascertaining its molecular 
weight. This method is supplementary to others which have been already 
described (820-824). 

Among tho lecent methods for determining vapour density that of Victor 
Meyer (921) presents the advantage of simplicity as regards the apparatus 
used, the manipulation, and the calculation of the result ; it further requires 
the use of only a small amount for substance. 

Tho method of Dumas (925) is more complicated in every respect, and 
requires a larger amount of substance. 


The Meyer Vapour Density Method. 

921. This method determines the volume of the vapour which is pro* 
ducible from a known weight of a volatile substance, by measuring the volume 
of air which the vapour displaces. 

The volume of the displaced air is measured in c.c. at atmospheric tempera- 
ture and pressure, and while saturated with aqueous vapour ; and from this 
the corrected volume of the air when dry and under normal conditions is 
calculated (839, 2). This will represent the volume which the vapour of the 
substance would possess if it could exist under normal conditions. The weight 
of an equal volume of hydrogen is then found by multiplying the above number 

481 31 
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of c.c. by 0-0000899, and the density of the vapour of the substance is 
obtained by dividing the weight of the substance by this weight of hydrogen. 

922 . The Apparatus which is employed for the determination is 
shown in Fig. 126. 

The inner vapour-tube [ b ) is long and narrow, and is enlarged into 

a cylindrical bulb below. The 
Fig. 120. whole tube has a capacity 

of about 200 c.c., and is 

somewhat broader at the top 
so as to admit of being closed by 
the insertion of a tightly fitting 
cork. A short distance below 
the top a bent capillary delivery- 
tube (c) enters at right angles. 

A broad outer tube (a), which 
is enlarged into a bulb at the 
bottom, serves as a heating- 
jacket for the inner vapour-tube. 
A liquid, which has a much 
higher boiling-point than that of 
the liquid whose vapour density 
is to be determined, is placed in 
the bulb of this jacket. 

Water is frequently used in 
the outer jackot ; but bodies of 
higher boiling-point than water, 
such as amylic alcohol, aniline 
and sulphur, are sometimes 
required. A suitable form of 
air-jacket around the inner tube 
may replace the vapour ; and 
the inner tube may be made of porcelain and be immersed in melted lead, or 
in the vapour of boiling zinc, when a higher temperature is required. 

A measuring-tube (d), about 100 c.c. in capacity and graduated into fifths 
of a c.c., is filled with water and is inverted in a vessel of water. This stands 
at a convenient height for collecting the air escaping through (c). A labo- 
ratory stool, placed upon the working-bench, is generally of suitable height 
for supporting the vessel of water. 



923 . The Process of Estimation.— For practice in the method, the 
vapour density of pure ether may be determined in the following manner : 
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The ether used for the estimation must have been purified as follows : It is 
first freed from alcohol by washing it with salt water, and then dried by being 
shaken with powdered calcium chloride. The last traces of water are now lemoved 
by dropping into the ether some clean slices of sodium, and allowing the liquid to 
stand for several hours in a loosely corked flask until no more bubbles of hydrogen 
escape from tho surface of the sodium. The ether is then distilled of! through a 
diy condenser mto a clean dry bottle, the first portion of the distillate being rejected 
and only that portion being collected which boils at 34 5° C. 

The apparatus is fitted up as is shown in Fig. 126. Tho interior of the 
vapour- tubes having been thoroughly cloaned and dried, tho bottom is padded 
inside with dry asbestos or sand, and the top is closed by the cork. The 
bulb of the jacket-tube is then half-filled with water, and tho vapour-tube 
is fitted centrally into the mouth of tho outer tube by pressing m tho two 
halves of a bisected cork, in winch small openings are made for tho escape 
of steam. The collecting- trough is now arranged as such a height that the 

Fia. 127. 

C 


curved end of the delivery- tube dips beneath tho water when the tube is 
clamped in position over the burner. The water in the outer tube is then 
heated to boiling, and is kept boiling vigorously by the Bunsen burner, so as 
to cause steam to escape through tho cork in tho top of tho jacket-tube. 

As soon as no moro air-bubbles escape from the delivery-tube (c) through 
the water in the trough, the cork is loosened in the top of the vapour- tube, 
since the air within it has reached steam-heat and the tube is therefore ready 
for the determination. The measuring- tube { d ) is filled with water and is 
clamped in position over the end of the delivery-tube (c). 

Meanwhile a little glass tube about 3 cm. in length is made out of quill- 
tubing, one end being closed and the other being drawn out to a capillary. 
The tube is shown drawn to actual size in Fig. 127a. The tube is weighed, 
and is then heated, and allowed to cool with its capillary point immersed 
in pure ether until a suitable quantity of the liquid ether has been introduced. 
The tube is then re- weighed with the capillary end open. Its gain in weight 
gives the weight of the ether taken for the experiment. 

The little glass tube for containing the weighed liquid in the above process 
may be furnished with an accurately fitting small stopper (Fig. 125, 6), This is 


a 



W ETCH INC -TUBES. 



484 


DETERMINATION OF VAPOUR DENSITY 


[ 924 , 925 , 


made by grinding a piece of glass rod into the mouth of the tube with wetted 
emery-powder or boro-corundum. The necessity of making a fresh tube for each 
determination is thus obviated. 

The tube containing the other is then at once dropped into the vapour- 
tube, which is immediately closed by the cork. The ether will begin to boil, 
and its vapour will displace air from the vapour- tube, which will escape m a 
stieam of bubbles into the measunng-tube. As soon as no more bubbles 
escape the cork of the vapour- tube is removed. 

The measuring-tube (d) is then removed to a tall cylinder of water, w hich 
should be at the temperature of the air. The tube is wholly immersed m the 
water, and as soon as its contents have gained the temperature of the water 
the tube is raised until the water inside and outside are at the same level. 
The volume of the air is then carefully read, and the temperature of the 
water and the barometric pressure are noted at the same time. 


924. Calculation of Results. — All the data necessary for the calcula- 
tion of the vapour density have now been obtained. According to paragraph 

839,2, 


The vapour density = 


S x 760 x (1 + 0 *003665$) 
v x (p-iv) x 0*0000899 


In which formula: 


S = 
t -= 

v = 

V = 
w = 
00000899 = 


the weight of substance taken. 

the temperature of the water in the cylinder. 

the observed volume of the air in c.c. 

the barometric pressure icducod to 0°. 

the tension of water- vapour at 

the weight of 1 c.c. of hydrogen. 


Example — In a determination of the vapour density of cthei, the following 
numbers were noted down : 

Weight of ether taken = 0 073 gram. 

Temperature of water — 21 5 0. 

Volume of air displaced — 25*3 0 0 . 

Barometric pressure at 0° = 748 6 mm. 

Tension of aqueous vapour = 19 07 mm. 

0 073 x 760 x (1 + 0 003665 x 21 5) 


Hence the vapour-density 


25 3 x (748 6 - 19 07) x 0 0000099 


- 36 07 


The Dumas Vapoub Density Method. 

925- This method determines the weight of a definite volume of the 
vapour of the substance, which has been measured at a known temperature 
and pressure. From this result the volume which the vapour would possess, 
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if it could exist under normal conditions of temperature and pressure, 
is calculated ( 839 , 1). The weight of an equal volume of hydrogen is then 
obtained by calculation, and the vapour density of the substance is found 
by dividing the weight of the vapour by that of the hydrogen, 

926 . The Apparatus required for the Process is shown in Fig. 128. 
A large thin glass bulb, with its neck drawn out, is used for containing 


Fig. 128. 



the vapour : it has a capacity of about 200 c.c. Such a bulb may be 
purchased, or may be made by drawing out the neck of a round flask. After 
the liquid has been introduced, the bulb is supported in a double clamp, and 
is immersed in a suitable liquid contained in a large vessel. A copper water- 
bath, placed on a tripod-stand and heated by a gas-burner, serves the purpose 
well. The temperature of the liquid in the bath is taken by means of a 
thermometer, the bulb of which is placed near the middle of the vapour-bulb. 

927 . The Process of Estimation.— For practice in the process, 
the vapour density of pure benzene may be determined in the following 


manner 1 
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The empty apparatus having been arranged as is shown in Fig. 128, the 
bulb is removed together with its clamp. The bath is then nearly filled with 
water, which is heated to boiling. 

Meanwhile the clean dry bulb is weighed, after remaining in the balance- 
case for some time. About 20 c.c. of the puic benzene are then introduced 
into the bulb by heating it and allowing it to cool with its open end immersed 
in the liquid. 

The bulb is now fixed in its clamps and is immersed in the gently boiling 
water in the. bath, with the end of the tube projecting about 2 cm. above 
the surface of the water. The bulb is clamped in this position. The ther- 
mometer is also at once fixed, with its bulb level with the middle of the vapour- 
bulb and close to it. 

The benzene will boil vigorously, and the vapour which it evolves will 
pass out from the neck under pressure expelling the air fiom the bulb. When 
the vapour has issued for some time and begins to escape more quietly, it 
may be kindled at the end of the tube, and the diopping of the flame will then 
serve to indicate the moment at which the issue of vapour ceases. The end 
of the tube is then at once sealed by bringing a blowpipe-flame to bear upon it. 
At this moment the temperature shown by the thermometer immersed in the 
bath, and the barometric pressure are read. 

The bulb is now removed fiom the bath, and is at once thoroughly diied 
and allowed to cool. It is then placed in the balance-case for some time in 
order that it may assume the tempciatuie of the air inside the case. The 
sealed bulb is then weighed and the tempeiature within the balance-case is 
noted. 

A file-scratch is now made near the sealed end of the tube of the bulb, 
and the end is bioken off under water which has been fieed from air by having 
been recently boiled for some time and then lapidly cooled. The water will 
rush into the bulb, and the volume of any ail -bubble which remains is then 
found by transferring it to another vessel and measiuing its dimensions 
(Note). The water is then allowed to flow out into a graduated measuring- 
cylinder, and the volume of the water, together with that of any air-bubble 
which was in the bulb, when it has been i educed to absolute c c. will give 
the capacity of the bulb ( 243 ). The water may be weighed instead of being 
measured, and its volume may then be calculated. 

Note — If the residual bubble of air is of appreciable size it must be allowed 
for both in the weight of the vapour (G), and in the weight of the hydiogen. 


928* Calculation of Results. — All the data for calculating the vapour 
density from the corrected volumes ( 839 , 1) have now been obtained. The 
following are the necessary data : let 
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g = weight of bulb. 

G = apparent weight of bulb filled with vapour. 
t = temperature of air, second weighing. 

T = temperature of bath at the time of scaling the bulb. 
p — barometric pressure, height of mercury column reduced to 0°. 
c = capacity of bulb in c.c. 


The Weight of the Vapour. — Neglecting certain corrections of minor 
importance, the weight of the vapour which filled the bulb is obtained by 
subtracting tho weight of the bulb from the apparent weight of the bulb and 
vapour, and adding the weight of the volume of air which was displaced by 
the bulb at the temperature (t) and pressure (p) of the last weighing. Accord- 
ingly s 

w c x p x 0-001203 

Wcght of vapour = G - g + 760(1 + 6-0030051) * 


The Weight of the Hydiogen , which would fill the bulb at the temperature 
of the bath (T) and at the barometric pressure (p), will be found by the 
following expression: 


Weight of hydrogen = 


c x p x 0-0000899 
760(1 + 0-003665T) * 


The Vapour Density will be found by dividing the weight of the vapour 
which fills the bulb, by tho weight of an equal volume of hydrogen under the 
same conditions. Accordingly making use of the results of the above calcula- 
tions : 


The vapour density = 


weight of vapour 
weight of hydrogen 


Example — In a determination of vapour density, 

Weight of the bulb = 23 C83 grams. 

Apparent weight of tho bulb + vapour — 23-957 giams 
Temperature of air «=» 16° C 
Temperature of bath = 1 12° C. 

Barometric pressuro = 755 mm. 

Capacity of bulb — 180 c c 

Theieforc the weight of vapour filling the bulb at 1 12° ( x ) 


«= 23-957-23*683 + 


180 x 755 x 0 001293 
760(1 + 0-003665 x~16) f 


And the weight of an equal volume of hydrogen (y) 
180 x 755 x 0 0000899 
“ 760(1 + 0 '003005 x 112)’ 


And the vapour density 


x 

- - 43 -16. 

y 
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RESULTS OF TYPICAL ANALYSES. 

ATOMIC WEIGHTS OF ELEMENTS. 

FACTORS FOR GRAVIMETRIC ANALYSIS. 

EXPANSION OF WATER. 

PRESSURE OF AQUEOUS VAPOUR. 

FACTORS FOR NORMAL GAS VOLUME. 

ALCOHOL TABLES. 

SPECIFIC GRAVITY OF SOLUTIONS OF ACIDS AND 
ALKALIS. 

CONVERSION OF THERMOMETRIC AND TWADDELL 
DEGREES. 

DATA FOR OILS, FATS AND WAXES. 

WEIGHTS AND MEASURES. 

USEFUL MEMORANDA. 


939 Introductory Remarks. — This Section of the book contains 
tabular matter which will frequently be referred to dunng the calculation 
of the results of analysis, as well as for the purposes of compaiison when the 
results have been calculated. 

The results obtained from typical analyses of various substances are 
tabulated in paragraphs 940-974 and will serve as a standard of comparison 
for the student after he has calculated lus results. 

During the calculation of the results of gravimetric analyses reference 
to the table of Atomic Weights (980) will often be necessaiy, and the use 
of the Factors for Gravimetric Analysis or their Loganthms (981) will lessen 
the labour of calculation. 

Kopp’s Table for the Expansion of Water by heat (982) is added for use 
in the calculation of results when measuring-vessels are being calibrated (243, 

488 
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247, 846) ; and Regnault’s tabulated results for the pressure of aqueous 
vapour (983) are required in calculating the results of gas analyses. 

The Table of Factors for converting the Volume of a gas at any tempera- 
ture and pressure to its Normal Volumo at 0° C. and 760 mm. pressure (984)9 
will also be found useful in gas analysis and in vapour density determinations. 

The Alcohol Tables (985, 986) furnish the percentage of absolute alcohol 
or of proof spirit which is present in dilute alcohol, from the result of its 
specific gravity determination. 

Similarly the tables which follow (987-992) give the percentage weights 
of sulphuric acid, hydrochloric acid, nitric acid, potassium hydrate, sodium 
hydiate, and ammonia respectively, which are present in aqueous solutions 
of these substances of known specific gravity. 

The next Table (993) furnishes the necessary characteristics for the 
identification of Fats, Oils, and Waxes. 

Then follow the formula) for calculating specific gravity from degrees 
Twaddell and vice vers A (994), and for the conversion of Thermometrio 
Scales (995). 

The tabular matter also includes a scheme showing the relations between 
the different denominations in the Decimal and English Weights and Measures 
(996-999), a number of Useful Memoranda of general application, and it 
concludes with tables of logarithms and anti-locarithms (IOOI, 1002). 
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[940-942, 


RESULTS OP TYPICAL ANALYSES. 


Note . — The numbers given are percentages, unless a statement is made to the 
contrary. 


940 . Dolomite, or Magnesian Limestone. 


Caibon dioxide. 



45 64 

Silica, ..... 



1 38 

Iron and Aluminium oxides, 



1*38 

Calcium oxide. 



30 83 

Magnesium oxide, . 



20 99 


941 . Burnt Lime. 



Chalk 

lime. 

Greys tonu 
lime 

Lias 

lime 

Calcium oxide, 

91 9 

78 25 

72 20 

Calcium carbonate. 

3 52 

0 66 

071 

Iron and Aluminium oxides, . 

1 58 

3 50 

6 00 

Insoluble silicious matter, 

0 39 

0 80 

0 30 

Soluble silica. 

— 

10 00 

15 65 

Water, &c (by difference), 

3 32 

6 79 

5 14 


942 . Mortar. 


Water, ..... 

10 76 

14 7 

14 0 

Combined water, 

2 25 

1*6 

29 

Calcium oxide. 

6 38 

64 

90 

Soluble silica. 

2 24 

1*4 

0*7 

Iron and Aluminium oxides, . 

1*53 

1 6 

1*1 

Fine earthy matter, 

3 40 

84 

86 

Coarse insoluble matter, 

73 44 

57 1 

62 6 

Calcium carbonate, . 

— 

59 

_ 

Calcium sulphate, . 

—** 

0*5 

— 
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943 . Spathic Ieon-oee. 


Ferrous oxide, ..... 

49*77 

Ferric oxide, 

0 81 

Manganous oxide, ..... 

1 93 

Calcium oxide, ..... 

3-96 

Magnesium oxide, ..... 

2 83 

Carbon dioxide, ..... 

37 20 

Phosphorus pcntoxide .... 

Trace. 

Sulphur, ...... 

0-04 

Water, 

0 30 

Insoluble residue, 

3 12 


944 . Salt-cake. 


Water, 

0 05 

Insoluble matter, ..... 

0 19 

Iron and Aluminium oxides, 

0 14 

Calcium oxide, .... 

0 20 

Magnesium oxide, ..... 

0 13 

Sulphur trioxide, .... 

57 17 

Chlorine, ...... 

0 02 

Sodium oxide, .... 

41 86 


945 . Poetland Cement. 


Insoluble residue, . 

0 36 

1-20 

0 06 

0 32 

Soluble silica. 

21 52 

22 56 

23 50 

23 12 

Aluminium oxide, 

7 95 

8 55 

7 84 

7*27 

Ferrio oxide, 

2 69 

3 13 

2*88 

3 65 

Calcium oxide, 

62*30 

59 20 

61 80 

61*44 

Magnesium oxide, 

1 24 

1*22 

1*45 

1*10 

Sulphur trioxide, . 

l 11 

1 43 

0 47 

1*29 

Carbon dioxide, 

l 78 

1*54 

0 66 

0*32 

Combined water, . 

0 27 

0 29 

0 33 

1*19 

Alkalis (by difference), . 

0 78 

0 88 

101 

0 30 
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[946-949, 


946 . Felspar. 


Silica, ... . 

G3 14 

Iron and Aluminium oxides, 

18 68 

Calcium oxide, .... 

0 47 

Magnesium oxide, .... 

0 30 

Potassium oxide, . 

11 82 

Sodium oxide, . ... 

3*37 


947 . Glass. 



I 

II 

III. 

Silica, . 

71 71 

70 71 

51 40 

Potassium oxide, 

12 70 

— 

9 40 

Sodium oxide, 

2 50 

13 25 

— 

Calcium oxide. 

10 30 

13 38 

— 

Lead oxide, . 

— 

— 

37 40 

Iron and Aluminium oxides, . 

9 60 

1 92 

2 00 

I. Bohemian glass. II. Window glass. III. Flint glass 


948 . Zinc-blende. 


Insoluble residue, 

14 43 

Copper, 

1 81 

Iron, 

12 61 

Sulphur, 

28 40 

Zinc 

43 00 

Corresponding to Z 11 S, 64 2 ; FeS, 19 8 . 


949 . Galena. 


Sulphur, 

13 90 

Lead, 

83 58 

Iron, 

0 83 

Manganese, 

1 26 

Silver 

014 
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950 . Copper-pyrites. 


Sulphur, .... 

35 10 

Copper, 

30 00 

Iron, 

. , 32 20 

Insoluble residue, . 

.1 2 64 


951 - Brass. 


Copper, 

70 30 

Zino, .... 

29 30 

Tin, .... 

0 17 

Lead, ....... 

0 28 

952 . Bronze Coin. 


Copper, ...... 

04 85 

Tin, 

3 90 

Zino, . . ... 

114 


953 . Type-metal. 


Lead, . 





61 30 

Antimony, 

. 

• 

. 


18-80 

Tm, 

• 


• 


20 20 


954 . White, or Antifriction Metal. 


Tin, 




82 5 

79 2 

Antimony, 


. 

. 

86 

11 4 

Copper, 


. 

. 

77 

52 

Lead, 

• • 

* 

• 


24 
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[955-957, 


955 . German-silver. 



I. 

II. 

Copper, ..... 

02 40 

62 40 

Zinc, ..... 

20 85 

2215 

Nickel, ..... 

15 47 

15 05 

Iron, .... 

1 05 

Trace. 


956 . Red H.®matite-ores. 



I. 

11 . 

Ferric oxide, .... 

86 50 

93 75 

Manganous oxide. 

0 21 

Trace. 

Aluminium oxide. 

— 

0 73 

Calcium oxide. 

2 77 

0 61 

Magnesium oxide. 

1-46 

0 23 

Sulphur, 

— 

0 03 

Sulphur trioxide. 

0-11 

— 

Carbon dioxide, 

2 96 

— 

Phosphorus pcntoxidc, 

Trace. 

0-32 

Water, and organic matter. 

— 

1 09 

Silica, and insoluble matter, 

(5 55 

3 27 

1 Ore fiom Ulvcr&ton, Lancashire. 

II. Oro from Lake Supenor 


957 . Iron and Steel. 


Bessemer 

Pig-iron. 

Wrought- 

Jion 

Bessemer 

Steel 

Iron, .... 

93 301 

99 13 

99 445 

Graphite, .... 

2-930 

— 

— 

Combined carbon, . 

0 618 

0 15 

0 234 

Silicon, 

2 72 

014 

0 033 

Sulphur, .... 

0 062 

004 

— 

Phosphorus, .... 

0 039 

0 47 

0044 

Manganese, .... 

0 105 

0 14 

0 139 

Copper, 

0-010 

— 

0105 

Arsenic, .... 

0 075 


— - 
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958. Coal. 



959. Superphosphate of Lime. 



Moisture, 

Organic matter. 

Soluble phosphate, . 

Equal to Ca s (P 0 4 ) a , 
Insoluble phosphate, 
Calcium sulphate, . 
Alkalis, &c., . 

Sand, . 



960. Cambridge Coprolites. 


Moisture, 

Combined water, V 

4 04 

Organic matter, J 

Silicious matter, 

8 11) 

Calcium phosphate, «... 

58 00 

Calcium carbonate, .... 

21*12 

Iron oxide, ...... 

218 

Aluminium oxide, 

2 05 

Magnesium oxide, alkalis, &c., . • 

4 33 
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961 . Bone Meal. 



Haw 

Steamed 

Moistme, .... 

0 91 

8 45 

♦Organic matter, 

39 31 

17 29 

Calcium phosphate, . 

40 60 

63 99 

f Calcium carbonate, &c , 

5 78 

8 97 

Sand, .... 

1 40 

1 30 

♦Containing nitrogen, 

4 35 

1 35 

(Equal to ammonia), 

5 28 

1 0 

•(■Containing calcium oxide, 


4 57 


962 . Basic Slag. 


Moisture, 


0 13 

Calcium oxide, 

. . 

32 42 

♦Phosphorus pent oxide, 

. 

18 44 

Ferious oxide, &e , 

. . • 

39 46 

Silica, .... 

• 

9 55 

♦Equal to Ca 3 (P0 4 )j, .... 

40 26 


963 Peruvian Guano. 


Moisture, ...... 

♦Organic matter, . ... 

Calcium phosphate, Ca 3 (P0 4 ) 2 , 
t Alkalis, &c , . . . . . 

Sand, .... . 

9 71 

40 19 

19 00 

13 05 

18 05 

♦Containing nitrogen, .... 

8 45 

Equal to ammonia, .... 

10 26 

■(•Containing P,0 5 , 

0 40 

Equal to Ca 3 (P0 4 ) Jf . . . . 

0 87 

Total I%0 6 , 

9 10 

Equal to Ca 3 (P0 4 ) 2 , .... 

19 87 
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964. Water. 

I\uts per 100,000. 




Upland 

Suifaco. 

Deep 

Well 

(Notting- 

ham). 

Shallow 

Well 

(Belvoir) 

Tient River 
Water 
(Polluted). 

Total solids, . . 


78 

19 4 

69 5 

55 4 

Ammonia, 


Nil 

Nil 

0 001 

0 074 

Albuminoid ammonia, 


0 002 

0*002 

0 008 

0 111 

Oxygon consumed, . 


0 05 

0*037 

0 005 

0 082 

Chlorine, 


08 

1*5 

48 

55 

Nitrite, , 


Nil 

Nil 

Nil 

Nil. 

Nitrogen as nitrate, . 


Nil 

0 70 

2 83 

0 33 

Temporary hardness, . 


Nil. 

9 7 

15 4 

18 5 

Permanent „ 


2 3 

3 5 

23 4 

16 5 

Total „ 


2 3 

13 2 

38 8 

35 0 


965. Milk. 



Poor 

Quality. 

Average Quality, 
f. If. 

Ttich 

Quality. 

Water, • • • 

88 58 

87*70 

87 79 

86 48 

•Fat 

2 30 

,3 58 

3 58 

5 08 

t Proteins, 

3 56 

V 7 Oft 

J 3 50 

3 23 

Lactose, &c. (by difference), 

4 76 

j 1 Jo 

1 4-32 

4 47 

Ash, . 

08 

0 74 

0 81 

0 74 

Specific gravity at 60° F , 

1 0326 

B 

1 0300 

1 0275 

•Fat by calculation, , 

■ 


37 

5*3 

•(•Containing nitrogen, • 

H 

H 

0 56 

0 51 


82 
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966 . Butter and Margarine. 



Irish Butter, 

I. II. 

Salt Butter. 

I. II 

Marganne 

I. II. 

Water, 

14*9 

14 3 

13 5 

9-5 

78 

14 6 

Fat, 

82 0 

84 6 

84 3 

88 1 

89 5 

83*2 

Curd, 

1*9 

08 

03 

1 0 

1 7 

1*8 

Salt, 

07 

03 

1 9 

1 4 

1 0 

04 


N 

N 

N 

N 

N 

N 

Reichert-Meissl, 

29 5 i() 

34 V> 

314 io 

333 u> 

17 ro 

2 Vo 

Insoluble acids, 

85 6 % 

85 8 % 

86 3% 

86 1% 

04*1% 

93 6 % 

Saponification, KOH, 

22 51% 

22 39% 

22 35% 

23 4% 

19 29% 

19 94% 

100 ° 

Specific gravity - C. 

0 8652 

0 8669 

0 8662 

0-8667 

0 8613 

0 8628 


967 . Pale Resin Soap. 


Fatty anhydride, 

4S44 

Sodium oxide (soda) in combination. 

6*85 

Resin, 

23 97 

Sodium silicate 

0 29 

Silica, .... . 

0 55 

Sodium carbonate 

1*53 

Sodium hydrate (caustic soda), 

Trace. 

Water, 

18 37 


968 . Soaps. 



Curd. 

Castile. 

Tallow. 

Soft 

Water, .... 

27*5 


20 9 


Fatty anhydride, • 

67 7 


71 0 


Alkali, combined. 

7*6 

8-7 

8*9 

12 0 

Alkali, free, 

0 1 


03 

3 2 

Silica, .... 

05 

— 

— 

02 

Insoluble in alcohol, . 

— 

1*1 

1 6 

IT 
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969. Coal-gas, “ Pure ” and “ Enriched.” 



I. 

II. 

Puio. 

III. 

IV. 

V. 

Enriched. 

I. II 

Carbon dioxide. 

0-00 

0 00 

1 43 

0 38 

00 

1 44 

2 83 

Oxygen, 

0 00 

0 00 

0 55 

0 00 

02 

0 00 

000 

Olefines & Benzenes, 

5 60 

6 00 

2 75 

6 17 

53 

5 17 

5 66 

Carbon monoxide, . 

9 60 

9 24 

7 69 

4 86 

66 

16 26 

16 98 

Methane, 

38 96 

40 48 

31 32 

40 67 

34 2 

25 84 

23 58 

Hydrogen, 

Nitrogen (by differ- 

42*94 

40 00 

50 22 

41 72 

48 2 

41*82 

40 85 

ence), 

2 90 

4 28 

6 04 

6 20 

55 

9 47 

10*10 


970. Blast-furnace Gas. 


Carbon dioxide, . . . . 

68 

Oxygen 

0 1 

Carbon monoxide, 

29 8 

Ethylene, ...... 

0 0 

Hydrogen, 

54 

Methane, ...... 

22 

Nitrogen (by difference), .... 



971. Gases Dissolved in Water. 
Percentage Composition of Total Gas evolved on boiling. 



Rain- 

water 

(972). 

Notting- 

ham 

Supply 

(973). 

Grand 

Junction 

Canal 

(974). 

Deep 

Chalk 

Well. 

Oxygen, . 





9*8 


Nitrogen, . 

. 

. 

I 


22*1 

25*9 

Carbon dioxide, 

• 

• 

■a 

11*8 

68*1 

73*7 
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972. Gases Dissolved in Rain-water. 

Volume of Gas in c.c. evolved from 100 c.c. of Rain-water. 



At 50* C 

By Boiling 

Total. 

Oxygen, 



0 671 

0 014 


Nitrogen, 

. 

. 

l 348 

0 033 

1*381 

Carbon dioxide. 

• 

• 


0071 

0 116 

Total volumes, 

- 

• 

2*064 

0 118 

2-182 


973. Gases Dissolved in Deep Well-water. 

Volume of Gas in c.c. evolved from 100 c.c. of Nottingham 
Water-supply from deep wells in sandstone. 



At 15 5* C 

ByBoiling 

Total. 

Oxygon, 


• 


0 76 

1 16 

Nitrogen, 

• 

t 

1-24 

2 25 

3 49 

Carbon dioxide. 

• 

• 

0 10 

0 52 

0 62 

Total volumes. 

• 

• 

1 74 

3 53 

5 27 


974. Gases Dissolved in Canal-water. 

Volume of Gas in c.c. evolved from 100 c.c. of Grand Junction 
Canal Water. 



At 50 * C. 

By Boiling. 

Total. 

Oxygen, 

t 



0011 

0 620 

Nitrogen, 

• 

• 

1*391 


1*398 

Carbon dioxide, • 

• 

• 


3 877 

4*297 

Total volumes, . 

• 

• 

2-420 

3-895 

6 315 
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980 . ATOMIC WEIGHTS OF THE ELEMENTS. 

International Atomic Weights for 1913. 


Name 

Symbol 

Atomic 

Weight. 

Name. 

Symbol 

Atomic 

Weight. 

Aluminium 


AI 

271 

Mercury 

Hg 

200-6 

Antimony . 


Sb 

120-2 

Molybdenum 

Mo 

96-0 

Argon . 


A 

39-88 

Neodymium 

Nd 

144 3 

Arsenic 


As 

74-96 

Niton (Ra-emana- 



Barium 


Ba 

137*37 

tion) 

Nt 

222-4 

Beryllium or 

Glu- 



Neon . 

Ne 

20-2 

cinum 


Be 

9-1 

Nickel . 

Ni 

58-68 

Bismuth 

. 

Bi 

208-0 

Nitrogen 

N 

14 01 

Boron . 

• 

B 

11-0 

Osmium 

Os 

190-9 

Bromine 


Br 

79-92 

Oxygen 

0 

1600 

Cadmium 


Cd 

112-40 

Palladium . 

Pd 

106-7 

Caesium 


Cs 

132-81 

Phosphorus . 

P 

31-04 

Calcium 


Ca 

40-07 

Platinum 

Pfc 

195-2 

Carbon 


C 

12 00 

Potassium . 

K 

39-10 

Cerium 


Ce 

140 25 

Praseodymium 

Pr 

140-6 

Chlorine 


Cl 

35-46 

Radium 

Ra 

226-4 

Chromium . 


Cr 

62 0 

Rhodium 

Rh 

102-9 

Cobalt 


Co 

58 97 

Rubidium . 

Rb 

85-45 

Columbium 


Cb 

935 

Ruthenium . 

Ru 

101-7 

Copper 


Cu 

63-57 

Samarium . 

Sa 

150-4 

Dysprosium . 


Dy 

162-5 

Scandium 

Sc 

44-1 

Erbium 


E 

167-7 

Selenion 

Se 

79-2 

Europium 


Eu 

152 0 

Silicon 

Si 

28-3 

Fluorine 


F 

19 0 

Silver . 

Ag 

107-88 ! 

Gadolinium . 


Gd 

157-3 

Sodium 

Na 

23-00 

Gallium 


G 

69-9 

Strontium . 

Sr 

87*63 

Germanium . 


Ge 

72-5 

Sulphur 

S 

32-07 

Glucinum, see 




Tantalum 

Ta 

181-5 

Beryllium. 




Teliurion 

Te 

127-5 

Gold . 


Au 

197 2 

Terbium 

Tr 

159-2 

Helium 


He 

3-99 

Thallium 

Tl 

204-0 

Holmium 


Ho 

163-5 

Thorium 

Th 

232-0 

Hydrogen 


H 

1-008 

Thulium 

Tm 

168-5 

Indium 


In 

114-8 

Tin . 

Sn 

119-0 

Iodine . 


I 

126-92 

Titanium 

Ti 

48-1 

Indium 


Ir 

193-1 

Tungsten 

W 

184-0 

Iron . 


Fe 

55-84 

Uranium 

U 

238-5 

Krypton 


K 

82-92 

Vanadium . 


51-0 

Lanthanum . 


La 

139-0 

Xenon 


130-2 

Lead . 


Pb 

207*10 

Ytterbium . 


172-0 

Lithium 


Li 

6*94 

Yttrium 


89*0 

Lutecium 


Lu 

! 174-0 

Zino . 

Zn 

65*37 

Magnesium . 


Mg 

| 24-32 

Zirconium . 

Zr 

90*6 

Manganese . 


! Mn 

1 54-93 


















FACTORS FOR GRAVIMETRIC ANALYSIS. 

981. The weight of the substance in the second column, when multiplied 
by the factor, furnishes the corresponding weight of the substance on the 
same line in the first column. Thus the weight of Ag in 0*64 gram of 
AgCl = 0-64 x 0-75276 = 0*48176. 


Required. 

Weighed as 

Factor. 


Ag 

AgCl 

0 75276 

T 87605 1 

AgCl 

Ag 

1-32845 

0 12335 

AgBr 

Ag 

1 74085 

0-24077 

A1 

A1A 

0 53033 

1 72455 

As 

As 2 S 3 

0 60931 

T 78484 

As 

Mg 2 Aa,0 7 

0 48275 

T 68372 

As 2 0 3 

As 2 S. } 

0 80429 

T 90541 


Mg,As,0 7 

0 63723 

T 80430 

■AsgOg 

As 2 S, 

0 93428 

T 97048 

ASjO, 

M&>As,0 7 

0 74021 

X 86936 

As0 4 

Aa,S, 

1 12926 

0-52809 

AsOi 

Mg 2 As 2 0 7 

0 89470 

T-95168 

Ba 

BaS0 4 

0 58854 

f -76977 

BiO 

BaSOi 

0-65707 

T 81761 

Bi 

Bi,0, 

0 89677 

T 95268 

b.,o 3 

AgCl 

0 48752 

T 68799 

Br 

AgBr 

0 42557 

T 62897 

Cd 

CdS 

0 77807 

T 89002 

CdO 

CdS 

0 88883 

T- 94881 

Ca 

CaO 

0 71429 

1 85387 

Ca 

CaCO, 

0 40000 

T-60206 

CaO 

CaCOj 

0 56000 

T 74819 

0 

CO, 

0 27273 

T 43573 

co 3 

CO, 

1 36364 

0 13470 

Cl 

AgCl 

0 24724 

1~ 39311 

CIO, 

AgCl 

0-58203 

T-76494 

CN 

Ag 

0 24127 

f 38250 

CN 

AgCN 

0 19437 

T 28863 

Cr 

Cr,0, 

0 68463 

X 83545 

CrO, 

Cr,0, 

1 31537 

0 11905 

Cr04 

Cr,0, 

1 52562 

0 18345 

CoO 

Co 

1 27119 

0 10421 

Cu 

CuO 

0 79823 

T 90213 

Cu 

Cu 2 S 

0 79869 

T-90238 

CuO 

Cu.,S 

0 99963 

T 99984 

F 

CaP, 

0 48718 

T-68769 

Fe 

Fe,0 3 

0 70000 

T-84510 

H 

H,0 

0-11111 

T 04575 

HC1 

AgCl 

0-25422 

T-40521 

HCN 

AgCN 

0 20184 

T 30500 

Hg 

HgS 

0-86202 

T-93552 


502 








Required. 

Weighed as 

Factor. 

Logarithm. 

H 2 SO 

BaSOi 

0 42003 

T-02328 

I 

Agl 

0 54031 

T-73264 

K 

K 2 S0 

0-44907 

T-66232 

K 

KoPtClg 

0*16118 

T-20730 

KjO 

i4so 4 

0*54084 

T-73300 

&,() 

K,PtCl 8 

0-19411 

T-28805 

KjO 

KC1 

0 63204 

X-80074 

KC1 

K^PtCIg 

0 30712 

T-48731 

Mg 

Mg 2 ?A 

0 21875 

T-33995 

MgO 

^82^2^7 

0 36243 

T-55922 

Mn 

Mn } 0 4 

0*72052 

X-85765 

MnO 

MtijO, 

0*93013 

T-96864 

MnOi 

Mn.0 4 

1-55895 

0-19283 

Na 

Na 2 S0 4 

0 32428 

T-51092 

Na 

NaCl 

0 39412 

T-69663 

Na 2 0 

Na 2 SOi 

0 43683 

T-04031 

Na.,0 

NaCl 

0 53085 

X-72497 

Ni 

NiO 

0*78194 

T-89632 

N 

Pfc 

0*14415 

T-15881 

N 

(NHJgPtClg 

0 06330 

? 80143 

NH, 

Pt 

0 17491 

X 24291 

nh 3 

(NH4) 2 PtCl 8 

0-07683 

*2 88553 

nh 4 

Pt 

0*18522 

X 26768 

nh 4 

(NH0 2 PtCl fl 

0*08133 

13*91029 

Pb 

PbO 

0*92822 

X-96765 

Pb 

PbSOi 

0 68293 

X-83437 

PbO 

PbS0 4 

0 73574 | 

X 86673 

P 

Mg 2 P 2 0 7 

O 27838 

X 44463 

PA 

MgoP.,0 

0 63757 

X *80453 

POi 

MgoPA 

0 85309 

X-93099 

Sb 

Sb 0 S 3 

0*71390 

X 85364 

Sb 

Sb,Oi 

0 78948 

X 89734 

Sb 2 0 3 

Sb 2 S 3 

0 85668 

X-93282 

Sb 2 0 3 

Sb 2 0i 

0 94737 

X-97652 

Si 

SiO a 

0 46703 

X-66934 

Sn 

SnO a 

0 78738 

X-89618 

Sr 

SrS0 4 

0*47697 

X-67849 

SrO 

SrS0 4 

0*56409 

X-75135 

S 

BaS0 4 

0*13732 

X13775 

SOo 

BaS0 4 

0*27440 

X-43837 

so 3 

BaS0 4 

0*34293 

X-53520 

S04 

BaS0 4 

0.41146 

X-61433 

s 2 0 3 

BaS0 4 

0 24013 

X-38044 

Zn 

ZnO 

0 80344 

T-90495 

Zn 

ZnS 

0 67104 

X-82675 

ZnO 

ZnS 

0*83521 

X-92180 
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EXPANSION OF WATER BY HEAT. 


[982, 


982. Expansion op Water. 
(Kopp). 


Tempera- 

ture, 

Centigrade 

Volumo 
(Volume at 

Density 
(Density at 

Volume 
(Volume at 

Density 
(Density at 
4*-i). 

0 

1-00000 

1 000000 

1 00012 

0 999877 

1 

0-99995 

1 -000053 

1 -00007 

0 999930 

2 

0 99991 

1-000092 

1 00003 

0 999969 

3 

0 99989 

1 000115 

1 00001 

0 999992 

4 

0 99988 

1-000123 

1 00000 

1-000000 

5 

0-99988 

1 000117 

1 00001 

0 999994 

6 

0 99990 

1 000097 

1 00003 

0 999973 

7 

0 99994 

1 0000G2 

1 00006 

0 999939 

8 

0 99999 

1 000014 

1 00011 

0 991890 

9 

1-00005 

0 999952 

1 00017 

0 999829 

10 

1 00012 

0 999876 

1 00025 

0 099753 

11 

1-00021 

0 999785 

1 00034 

0 999664 

12 

1-00031 

- 0 999086 

1 00044 

0 999562 

13 

J -00043 

0 999572 

1 00055 

0 999449 

14 

1 00056 

0 999445 

1 00068 

0 999322 

15 

1 00070 

0 999306 

1 00082 

0 999183 

16 

1 00085 

0 999155 

1 00097 

0 999032 

17 

1 00101 

0 998992 

100113 

0-998869 

18 

100118 

0 998817 

1 00131 

0 998695 

19 

1-00137 

0-998631 

1 00149 

0 998509 

20 

1-00157 

0-998435 

1-00169 

0 998312 

21 

1 00178 

0*998228 

1 00190 

0-998104 

22 

1 00200 

0-998010 

1-00212 

0-997886 

23 

1-00223 

0 997780 

1 00235 

0 997657 

24 

1 00247 

0*997541 

1-00259 

0 997419 

25 

1-00271 

0 997293 

1 00284 

0 997170 

26 

1 -00295 

0 997035 

1 00310 

0*996912 

0«7 
+• 1 

1-00319 

0-996767 

1 *00337 

0-996644 

28 

1-00347 

0-996489 

1 00365 

0-996367 

29 

1-00376 

0-996202 

1 00393 

0 996082 

30 

1-00406 

0-996008 

1-00423 

0 995787 






PRESSURE OP AQUEOUS VAPOUR. 
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983 Pressure of Aqueous Vapour for each Tenth of a 
Degree Centigrade from 0° to 30° C. 

(Regnault). 
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FACTORS FOR CALCULATING 


[984, 


Read these 
lines across 
both pages. 


984. FACTORS FOR CALCULATING THE 

The volume of a gas, measured at an ordinary temperature and pressure, 
the observed volume by the factor. The factor is found in the vertical 
epherio pressure in mm. in the first column of the table. Thus the factor 


Pressure. 

7° 

8* 

9° 

10° 

11° 

12° 

13° 

14° 

730 

•9365 

•9332 

•9299 

•9266 

•9233 

9201 

•9169 

•9137 

731 

•9378. 

•9345 

•9311 

•9278 

•9246 

9214 

•9182 

•9150 

732 

•9391 

•9357 

•9324 

•9291 

•9258 

•9226 

9194 

•9162 

733 

•9404 

•9370 

•9337 

•9304 

•9271 

•9239 

•9207 

9175 

734 

•9416 

•9383 

•9350 

•9317 

•9284 

•9252 

•9220 

•9187 

735 

•9429 

•9396 

9362 

•9329 

•9297 

•9264 

D23 2 

9200 

736 

•9442 

•9408 

•9375 

•9342 

•9309 

•9276 

•9244 

•9212 

737 

9455 

•9421 

9388 

•9354 

•9321 

•9288 

•9255 

•9225 

738 

•94G8 

•9434 

•9401 

•9368 

•9336 

•9302 

9269 

*9237 

739 

•9481 

9447 

•9413 

•9381 

•9348 

•9315 

•9282 

•9250 

740 

•0493 

•9459 

•9426 

•9393 

•9360 

•9327 

.9294 

9262 

741 

•9506 

9472 

•9439 

9406 

*9373 

•9340 

•9307 

*9275 

742 

•9519 

•9485 

9452 

9419 

•9386 

•9352 

•9320 

9287 

743 

•9532 

9498 

.9464 

•9431 

•9398 

•9365 

•9332 

•9300 

744 1 

•9545 

•9511 

9477 

•9444 

•9411 

•9378 

•9345 

•9312 

745 

•9558 

•9523 

*9490 

•9457 

•9424 

•9390 

•9357 

•9325 

746 

•9570 

•9536 

9502 

94G9 

•9436 

•9403 

•9370 

•9337 

747 

•9583 

•9549 

•9515 

•9482 

•9449 

•9416 

•9383 

•9350 

748 

•9596 

•9562 

9528 

•9495 

•9462 

•9428 

9395 

•9362 

749 

•9609 

•9575 

•9541 

•9507 

*9474 

•9441 

•9408 

•9375 

750 

•9622 

•9587 

•9554 

•9520 

•9486 

•9453 

•9421 

9387 

751 

•9635 

•9600 

•9566 

•9533 

•9499 

•9466 

•9434 

*9400 

752 

•9647 

•9613 

•9579 

•9545 

•9512 

•9478 

*9446 

•941? 

753 

9060 

•9626 

•0592 

•9558 

•9524 

•9491 

•9459 

•9425 

754 

•9673 

•9638 

•9604 

•9571 

•9636 

•9503 

•9471 

•9437 




934.] 


NORMAL GAS VOLUME, 
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VOLUME OP A GAS AT O* C. AND 760 MM. 

may be converted into its volume under normal conditions by multiplying 
column under the observed temperature and on the same level as the atmo* 
for 16° and 731 mm. is 0 9080. 
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FACTORS FOR CALCULATING 


Read these 
lines across 
both pages. 


[» 84 , 


984. FACTORS FOR CALCULATING THE VOLUME 


Pressure. 

7° 

8° 

9° 

10° 

11° 

12* 

13° 

14° 

755 

9686 

•9651 

•9617 

•9583 

•9548 

•9516 

•9484 

•9450 

756 

•9699 

•9664 

•9630 

•9596 

•9561 

•9528 

•9496 

•9462 

757 

•9712 

•9677 

•9643 

•9609 

•9574 

9541 

•9509 

•9475 

758 

•9724 

•9690 

•9655 

•9621 

•9587 

•9554 

•9522 

•9487 

759 

•9737 

•9702 

•9665 

•9633 

•9600 

•9566 

•9535 

9500 

760 

•9750 

•9715 

•9681 

•9646 

•9613 

•9579 

•9547 

•9512 

761 

•9763 

•9728 

•9693 

9659 

•9625 

•9591 

•9560 

9525 

762 

■vm 

•9741 

•9706 

•9672 

•9638 

•9604 

•9572 

•9537 

763 

•9788 

•9754 

•9719 

•9684 

•9650 

•9617 

•95S5 

•9550 

764 

•9801 

•9766 

•9732 

•9697 

•9663 

•9630 

•9598 

•9562 

765 

•9814 

•9779 

•9744 

•9710 

•9676 

•9642 

•9610 

•9575 

766 

.9827 

•9792 

.9757 

•9722 

•9688 

•9655 

•9623 

•9587 

767 

•9840 

•9805 

.9770 

•9735 

•9701 

•9668 

•9635 

•9600 

768 

•9853 

•9817 

•9783 

•9748 

•9714 

•9680 

•9648 

•9612 

769 

•9865 

•9830 

•9795 

•9760 

•9726 

•9693 

•9660 

9625 

770 

•9878 

•9843 

.9808 

•9773 

•9739 

•9705 

•9673 

*9637 

771 

•9891 

•9856 

•9821 

•9786 

•9752 

•9718 

•9685 

9650 

772 

•9904 

•9868 

•9834 

•9798 

•9764 

•9731 

*9698 

9662 

773 

*9917 

•0881 

•9846 

9811 

•9777 

•9743 

•9710 

•9675 

774 

•9930 

•9894 

•9859 

•9824 

•9790 

•9751 

•9723 

•9687 

775 

•9942 

•9907 

•9872 

•9836 

•9802 

•9768 

•9735 

•9700 

776 

•9955 

•9919 

•9884 

•9849 

•9815 

•9781 

•9748 

9712 

777 

•9968 

•9932 

•9897 

•9862 

•9828 

•9794 

•9760 

•9725 

778 

•9981 

•9945 

•9910 

•9874 

•9840 

•9806 

•9773 

•9737 

779 

•9994 

•9958 

•9923 

•9887 

•9853 

•9819 

•9785 

•9760 

780 

1-0007 

•9971 

•9935 

•9899 

•9866 

•9831 

•9798 

•9762 




NORMAL GAS VOLUME, 
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ABSOLUTE ALCOHOL FROM DENSITY. 


[985, 


ALCOHOL TABLE I. 

985. Percentage of Absolute Alcohol, by Weight and by 
Volume, corresponding to the Specific Gravity taken 
at 60° F., OR 15-5° C. Water = 1. 


I. Percentage of Alcohol by Volume, 


Specific 

Gravity. 


II. Percentage of Alcohol by Weight. 



0 9956 
0 9942 
0 9928 
0 9915 
0 9902 
0 9890 
0 9878 
0-9866 
0 9854 
0 9843 
0 9832 
0 9821 
0 9811 
0 9800 
0-9790 
0-9780 
0-9770 
0-9760 
0-9750 
0-9740 
0 9729 
0-9719 
0 9709 
0-9698 
0-9688 
0-9677 
0 9666 
0 9655 
0 9643 
0 9631 
0 9618 





0 8981 
0 8958 
0-8935 
0 8911 
0 8888 
0 8865 
0 8842 
0 8818 
0 8795 
0 8772 
0 8748 
0 8724 
0 8700 
0 8676 
0 8652 
0 8629 
0 8605 
0 8581 
0 8557 
0 8533 
0 8509 
0 8484 
0 8459 
0 8235 
0 8409 
0 8385 
0 8359 
0-8333 
0 8307 
0 8282 
0 8256 
0 8229 
0 8203 
0 8176 
0-8149 
0-8122 
0-8094 
0 8065 
0-8036 
0*8006 
0-7976 
0-7946 
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SULPHURIC ACID PERCENTAGE. 


[ 987 , 


SULPHURIC ACID. 

987 . Percentage by Weight of H 2 S0 4 present in Aqueous 
Solution of known Specific Gravity at 15-5° C. 

(Lunge and Isler.) 


Specific 

Percentage 

Gravity. 

of H2SO4. 


Percentage 
of H2SO4. 











987.] 


FROM SPECIFIC GRAVITY OF SOLUTION. 
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SULPHURIC ACID (continued). 


Specific 

Giavity. 

Percentage 
Of H 2 SO 4 

Specific 

Giavity. 

Percentage 

Of UgSOj 

Specific 

Gravity. 


1*560 

65 08 

BUM 

77 17 

1 823 

90 CO 

1 565 

65 49 

■Hi 

77 60 

1 824 

90 80 

1 570 

65 90 

1-710 

78 04 

1 825 

9100 

1 575 


1 715 

78 48 

1 826 

91 25 

1 580 

66 71 

■ 

78 92 

1 827 

91 50 

1 585 


1 725 

79 36 

1 828 

91 70 

1 590 

67 59 

1 730 

79 80 

1 829 

91 90 

1 595 

68 05 

1 735 

80 24 

1 830 

92 10 

1 600 

68 51 

1 740 

80 68 

1 S31 

92 30 

1 605 

68 97 

1 745 

81 12 

1 832 

92 52 

1 610 

69 43 

1 750 

81 56 

1 833 

92 75 

1 615 

69 89 

1 755 

82 00 

1 834 

93 05 

1-620 

70 32 

1 760 

82 44 

1 835 

93 43 

1-625 


1 765 

82 88 

1 836 

93 80 

1 630 

71 1C 

1 770 

83 32 

1837 

94 20 

1 635 

71 57 

1 775 

83 90 

1 838 

94 60 

1 640 

71-99 

1 780 

84 50 

1 839 

95 00 

1-645 


1 785 

85 10 

1 840 

95 60 

■ 1 

72 87 

1 790 

85 70 

1 8405 

95 95 

1 655 

73 23 

1 795 

86 30 

1 8410 

97 00 

mSSm 

73 64 

1 800 

86 90 

1 8415 

97 70 

■m 


1 805 

87 60 

1 8410 

98-20 

1 670 

745 ] 

1 810 

88 30 

1 8405 

98 70 

1 675 

74 97 

1 815 

89 05 

1 8400 

99 20 

1 680 

75 42 

1 8£G 

90 05 

1 8395 

99 45 

1-685 

75 86 

1 821 

90 20 

1 8390 

99 70 

1-690 


1 822 

90 40 

1 8385 

99 95 

1-695 

76 73 






83 
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HYDROCHLORIC ACID BY DENSITY. 


[988, 


HYDROCHLORIC ACID. 

988. Percentage by Weight of HC1 present in Aqueous 
Solution of known Specific Gravity at 15-5° C., compared 
with Water at 4° C. and reduced to Vacuum as Unity. 

(Lunge and Marchlewski.) 


Specific 

Giavity. 

Percentage of 
Hydiochlonc Acid 

Spot lflc 
Gi.ivity 

- — 

Percentage of 
Hydiochlonc Acid. 

1-000 

016 

1 105 

20 97 

1005 

1-15 

1 no 

21 92 

1010 

2 14 

1 115 

22 86 

1015 

3 12 

1 120 

23 82 

1020 

4 13 

1-125 

24 78 

1025 

5 15 

1-130 

25 75 

1030 

6 15 

1135 

26-70 

1035 

7 15 

1 140 

27-66 

1-040 

816 

1-145 

28 61 

1045 

9 16 

1 150 

29 57 

1-050 

10 17 

1155 

30 55 

1055 

1118 

1-160 

31-52 

1-060 

12 19 

1-165 

32 49 

1*065 

13 19 

1*170 

33 46 

1070 

14 17 

1 175 

34 42 

1075 

15 16 

1 180 

35 39 

1-080 

1615 

1 185 

36 31 

1085 

17 13 

1-190 

37 23 

1-090 

18 11 

1-195 

38 16 

1095 

19 06 

; 1 200 

39 11 

1100 

20 01 
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NITRIC ACID BY DENSITY. 
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NITRIC ACID. 

989 . Percentage by Weight of HN0 3 present in Aqueous 
Solution of known Specific Gravity at 15-5° C., compared 
with Water at 4° C. and reduced to Vacuum as Unity. 

(Lunge and Rey.) 


Specific 

Giavity 

Pei centavo 
of IINOj 

Specific 

G rav.ty 

Percentage 
of HNO . 

Specific 

Giavity 

Peieentage 
of HNO3 

1000 

0 10 

1*175 

28 63 

1 350 

55 79 

1*005 

100 

1 180 

29 38 

1 355 

56 66 

1 010 

1 90 

1 185 

30 13 

1 360 

57 57 

1*015 

2 80 

1*190 

30 88 

1 365 

58 48 


3 70 

1 195 

31 62 

1 370 

59 39 

1*025 

— 


32*36 

1 375 

60 30 

■ 


l 205 

33 09 

1*380 

61*27 

1*035 

6 38 

1 210 

33 82 

1*385 

62 24 

1 040 


1 215 

34 55 

1 390 

63 23 

1 045 

8 13 


35 28 

1*395 

64 25 

1050 


1*225 

36 03 

1-400 

65 30 

1-055 

9 84 

1 230 

36 78 

1405 

66 40 

IH9 

10 08 

1 235 

37*53 

1 410 

67*50 

1 065 

11*51 

1 240 

38 29 

1 415 

68 63 

mssm 

12 33 

1 245 

39 05 

1*420 

69 80 

1075 

13 15 

1 250 

39 82 

1 425 

70 98 

1080 

13 95 

1 255 

40 58 

1430 

72 17 

1085 

14*74 


41*34 

1 435 

73 39 

■H 

15*33 

1*265 

42 10 

1 440 

74 68 

1 095 

16*32 


42 87 

1445 

75*98 

■H 

17 11 

1 275 

43 64 

1450 

77*28 

1 105 

17 89 

1 280 

44 41 

1 455 

78 60 

\WSSm 

18 67 

1 285 

45 18 

1 460 

79 98 

1*115 

19 45 

1*290 

45 95 

1465 

81*42 

■EH 

mSEm 

1 295 

46 72 

1 470 

82*90 

1*125 

wsem 


47 49 

1 475 

84 45 

MMEm 

21*77 

1 305 

48 26 

1 480 

86 05 

1*135 

22*54 


49 07 

1 485 

87*70 

\msEm 

23 31 

l 315 

49 89 

1 490 

89 60 

1*145 



50 71 

1 495 

91*60 

1-150 

24 84 

1*325 

51 53 

1*500 

94*09 

1 155 


Mmm 

52 37 

i 505 

96 39 

1*160 


HUB 

53 22 

1 510 

98*10 

1*165 

27 12 

Mmm 

54 07 

1515 

99 07 

1*170 

27 88 

1 345 

54 93 

1*520 

99*67 
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POTASSIUM HYDRATE BY DENSITY. 


[ 990 , 


POTASSIUM HYDRATE. 

990. Percentage by Weight of KOH in Aqueous Solution 
of known Specific Gravity at 15-5° C. 

(Lunge.) 


Specific 

Gravity. 

Percentage 
of KOH 

Specific 

Gravity. 

Peiceuta«»e 
of KOII. 

Specific 

Gravity. 

Pei centage 
of KOH 

1 007 

09 

1162 

18 6 

1-370 

36 9 

1 014 

1-7 

1 171 

19*5 

1 383 

37 8 

1 022 

26 

1 180 

20 5 

1-397 

38 9 

1 029 

35 

1 190 

21 4 

1 410 

39 9 

1037 

45 

1 200 

22 4 

1 424 

40 9 

1045 

56 

1 210 

23 3 

1 438 

421 

1052 

64 

1 220 

24 2 

1 453 

43 4 

1-000 

74 

1 231 

25 1 

1 468 

44 6 

1 067 

82 

1 241 

26 1 

1 483 

45 8 

1 075 

92 

1 252 

27 0 

1 498 

47 1 

1083 

10 1 

1 263 

28 0 

1 514 

48 3 

1091 

10 9 

1 274 

28 9 

1 530 

49 4 

1100 

120 

1-285 

29 8 

1 546 

50 6 

1-108 

12-9 

1-297 

30 7 

| l 563 

l 

51-9 

1116 

13 8 

1 308 

41 8 

| 1-580 

53 2 

1125 

14 8 

1 320 

32 7 

1 597 

54*5 

1134 

15 7 

1 332 

33 7 

1 615 

55 9 

1142 

165 

1 345 

34 9 

i 

1 634 

67-5 

1152 

I 

17*6 

i 

1 357 

35-9 
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SODIUM HYDRATE. 

991. Percentage by Weight op NaOH in Aqueous Solution 
op known Specific Gravity at 15-5° C. 


(Lunge.) 


Specific 

Gravity. 

Percentage 
of NaOH. 

Specific 

Gravity. 

Percentage 
of NaOH. 

Specific 

Gravity 

Percentage 
of NaOH. 


0 61 

1 142 

12 64 

1-320 

28 83 

1 014 

1 20 

1-152 

13 55 

1-332 

29 93 

1 022 

2-00 

1-162 

14 37 

1 345 

31-22 

1-029 

2-71 

1-171 

15 13 

1 357 

32 47 

1 036 

3 35 

1-180 

15 91 

1-370 

33 69 

1-045 

4 00 

1-190 

16 77 

1-383 

34-96 

1052 

4 64 

1-200 

17 67 

1 397 

36 25 

1 060 

5 29 

1 210 

18-58 

1 410 

37-47 

1067 

5-87 


19-58 

1-424 

38 80 

1-075 

6 55 

Hp : $Wi> 

20 59 

l 438 

39 99 

1-083 

7 31 

^B"TTBS 

21 42 

l 453 

41 41 

1 091 

8 00 


22-64 

1-468 

42 83 


8 68 


23 37 

1-483 

44 38 


9 42 

H " ' ’fii§ 

24 81 

1 498 

46-15 

1-116 

10 06 

^B "zBE 

25 80 

1 514 

47-60 

1 125 

10 97 

"irBli 

26 83 

1 530 

49 02 

1-134 

11 84 

■ 

27 80 




AMMONIA. 

992. Percentage by Weight of NH 3 in Aqueous Solution 
of known Specific Gravity at 15-5° C. 

(Lunge and Wiernik ) 





















518 


993 - CHARACTERISTICS OF OILS, 




Oils and Fats. 




Name. 

Mainly in order of 
Iodine values. 

Specific gravity. 

*3 

a 

l 

it 

c 

o 

3 

Insoluble fatty acids 
-F unsaponifiable 
(Hehner value) 

Keichert value (K) 
or Reichert-Meissl 
value (HM) 

Saponification value. 

; Koettstorfer value ) 

Iodine value. 


C°. 


c°. 

Per 

cent 

Cc of 
,> n 

Milli- 
grams of 
KOH 

Per 

Cent 

Drying Oils. 








Linseed . 

15 

0 0315- 
0 9345 

-20 

95 5 

— 

192-195 

171-201 

Ilemp-seed 

15 

0 9255- 
0 9280 

— 

— 

— 

192 5 

148 

Walnut, or nut-oil . 

15 

0 9250- 
0 9200 

— 

95 4 

— 

195 

145 

Poppy-seed 

15 

0 0240- 
0 9270 

— 

95 2 

0 0 (R M ) 

195 

133-143 

Semi-Dryino Otis. 








Cotton-seed 

15 

0 0220- 
0 9250 

3-4 

95-96 

— 

193-195 

108-110 

Sesame . 

15 

0 9230- 

0 9237 

— 

95 7 

1 2 (R M ) 

189-193 

103-108 

Rape (Colza) . 

155 

0 9132- 
0 9108 


95 1 

0 3 

170-179 

94-102 

Croton . 

15 

0 9500 

— 

89 0 

12-13 6 
(RM) 

210-215 

102-104 

Castor 

155 

0 9600- 
0 9079 

— 

— 

l 4 

183-186 

83-86 

Non-Drying Oils. 








Almond 

15 

0 9175- 
0 9195 

— 

90 2 

— 

191 

93-97 

Arachis . 

15 

0 9170- 
0 9209 

0 

95 8 

— 

190-196 

83-100 

Olive 

15 

0 916 

— 

95 

03 

185-196 

79-88 

Marine Animal Oiis 








Cod-liver 

15 

0 9210- 
0 9270 

— 

95 3 

— 

171-189 

167 

Seal 

15 

0 9155- 
0 9203 

— 

95 45 

0 07-022 

189-196 

127-141 

Whale . 

15 5 

0 9250 

— 

93 5 

0 7-2 04 

188 0 

121-136 
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Oils and Fats. 


Mixed Fatty Acids. 


o 

* s' 

a 

53 

a 

§ 

■M 

V 

o 

< 

Acid value. 

o 

3 

a 

a u 

0 £ 

§. S3 

h 

a 

O 

! 

i Specific gravity 

•*3 

a 

3 

04 

60 

a 

1 

Neutralisation 
number, or 
Mean molecular 
weight. 

Iodine value 

c° 


Mllli- 
yi ims of 
KOI1 

Pei 

Cent 

C°. 


C°. 

Milli- 
grams of 
KOII 

Mixed 

Acids 

Liquid 

Acids 

110-12 

3 98 

0 8-8 4 

0 42-1 1 

15 5 

0 9233 

17-21 

197 

179- 
209 8 

190-201 

97 

— 

— 

1 08 

— 

— 

18-19 

— 

141 

— 

103 

— 

— 

— 

— 

— 

16-18 

— 

150 

167 

88 

— 

0 7-110 

0 43 

100 

0 8886 

20 5 

199 

139 

150 

75-90 

7 6-18 

00 

0 73-1 64 

15 5 

0 920-6 
0 9219 

35-38 

202-208 

111-115 

147-151 

65 5 

— 

0 23-66 

0 95- 1 32 

— 

— 

26-32 

j 

200-4 

110 45 

129-136 

55-64 

14 7 

14-13 2 

0 58-1 0 

100 

0 8758 

16-19 

185 0 

99-103 

121-125 

— 

19-32 

— 

055 

- 

— 

— 

201 

111 '6 

— 

46-47 

- 

014 

— 

15 5 

0 9509 

13 

192-1 

87-93 

106 9 

52 5 

— 

15 

— 

— 

— 

13-14 

204 

93-96 5 

101-7 

45-51 

— 

1 2-32 

0 54-0 94 

100 

0 8790 

27 7-32 

2016 

96-103 

105-128 

41 5-45 

10 64 

19-50 

0 46-1 0 

100 

0 8749 

24-27 

193 

86-90 

95-5- 
103 5 

102-113 

4-8 

1-25 

0 54-7 83 

- 

— 

21-25 

204-207 

130 5- 
170 

— 

92 

10 5 

19-40 

0 38-1 4 

— 

— 

22-33 

193 2 

— 

— 

92 

— 

05-37 

0-92-3 72 

100 

0 8922 

27 0 

— 

131-2 

144-7 
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993. CHARACTERISTICS OP OILS 


Oils and Fats ' 

1 







i 

1 

Name. 

Specific gravity. 

s 

1 

ro 

a 

*i! 

Ht 

If! 

jSs 

u £ ii 

l « 

I f 

g © *4 

i 

> § 
i ~ 5 

a 

Mainlv In order of 



« 

~ _L « 

0 "9 w 

% S *3 

9 fi 

ct 4? 

*3 

c 

Iodine values 




«e ja 

£ ft 

PS o 

w « 



c°. 


C° 

Per 

Cc of 

N 

Milli- 

gianiK 

Per 




cent 

YU KOU 

of KOH 

cent 

Terrestrial Animal 








Oils 

Sheep’s foot 

15 

0 9175 


_ 



194 7 

74 2 

Horse’s foot . 

15 

0 913- 
0 927 

— 

— 

— 

195 9 

73 8-90 

Neat’s foot 

15 

0 914- 

— 

95*2 

1 0 

194 3 

69 3- 



0 910 





70 4 

Other Oils. 








Rosin oil (distillcc 






r 



from crude rosin) 


15 

0 96G 




10-35 

40-80 

Mineral oil (burning 


0 990 






and lubricating oil 







0-15 

from petroleum) . 

j 






0 

Vegetable Fats 








Cotton -seed stoanne . 

15 

0 9188- 
0 9230 

29-32 

95 9 


195 

90-103 

Palm oil 

Cacao butter (cocoa 

15 

0 921 

27-42*5 

94 97 

05 

196-202 

515 

butter) 

15 

0 9500- 

28-33 

94 59 

0 2-0 8 

193 55 

32-41 



0 976 



(RM) 



Palm -nut oil . 

15 

0 9520 

23-28 

87 6- 

5-G(R M ) 

242-250 

13-14 





91 1 




Cocoa-nut oil . 

40 

0 9115 

21-24 

88 6-90 

7-8 4 

246-260 

8-9 5 






(RM.) 



Japan wax 

15 

0 9700- 

50-54 

90 G 

— 

217- 

4 9-8 5 



0 9800 




237 5 


Animal Fats 








Lard 

15 

0 934- 
0*938 

36-40 5 

93-96 

— 

195 4 

50-70 

Bone 

15 

0 914- 

21-22 

— 

— 

199 

55-4 



» 916 






Beef tallow 

15 

0 943- 

45-50 

95 6 

0 25 

190 9- 

41-47 5 



0*952 




200 


Mutton tallow 


15 

0 937- 

44-45 

95 5 



193 2- 

38-46 



0 953 




200 


Butter . . . 

15 

0 926- 

28-33 

86 5- 

12-5-15 2 

227 

26-38 



0 940 


89 8 



1 




JIaumcn£ thermal 
test 
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PATS AND WAXES ( continued ). 



40 5 








38 

13 

— 

— 

— 

— 

— 


47-48 6 

22 0 

— 

— 

100 

0*8713- 

0 8749 

29 8- 

30 8 

202*9- 

206*3 

72 

— 

— 

— 

— 

— 

— 

— 

i 

0 38 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

27-30 

— 

— 

18 

24-200 

— 

100 

0 8701 

47-50 

205 6 

— 

28 

1*1-1*88 

— 

— 

— 

48-50 

190 

— 

1 9-8 4 

8 36 

— 

— 

— 

25-28 5 

258-264 

— 

0 9- 
123 

6-50 

— 

98-99 

0 8354 

25-27 

258-266 

— 

27-31 2 

7-33 

1 1-1 63 

98-99 

0 8480 

56-02 

213 7 

24-27 6 

26 

0 54- 
1*28 

0 23 

99 

0 8445 

43-44 

201*8 

— - 

42 

16 

— 

15 

0 9300 

44-46 

204*5 

— 

113 

29 6 

0*5-1 8 

— 

— 

30 

200 

— 

2*7-8 6 

3 5-50 0 

— 

100 

0 8698 

43-44 

197*2 

— 

1 9-8 6 

0 45- 
35 38 


37*75 

0 9075 

o 

i 

8 

210-220 


6l 9- 
63 3 


94 
63 3 
33-39 
12 0 
8 4-9 3 

64 

66*5 

55*7- 
67 4 
413 

28-31 


94 6 


51 


92*1 


92*4 
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993* CHARACTERISTICS OF OILS, 




Waxes. 





Name. 

Mainly In ordei of 
Iodine values. 

Specific gravity. 

Melting-point. 

Acid value. 

o ^ 

3 o 
d B 

< 

2 fe 

rt £ 

J o 

Is 

lo 

ui w 

el 

o'-' 

tJua v 
t 2 a 

2K “ 

& o 

Iodine value 


0°. 


C° 

Milli- 

giamsof 

KOU 

Milli- 

gtam^of 

K01I 

Cc of 

To KOn 

Per 

cent 

Liquid Waxes. 

Sperm oil 

15 

0 8700* 



125 2- 

13 

8190 

Arctic sperm oil 

15 

0 8835 

0 8704 



132 6 
.123- 

14 

07-82 1 

Solid Waxes. 

Carnauba w ax 

15 

0 990- 

85-80 

4-7 

135 9 

79-95 


135 

Wool wax, wool gica c c 

17 

0 999 

0 9413- 

31-35 


102 4 


17 1- 

Beesw ax 

15 

0 9449 

0 904- 

015 

19-21 

90-98 

0 34-0 54 

28 9 

7 9-11 

Spermaceti (Cctin) 

15 

0 970 

0 905- 

42-49 



123-135 

_ 


Inboct wax 

1 16 

0 900 

0 926- 

80 5-83 

_ 

80 5-93 



1 


0 970 








Maumcue i hermal 
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Waxes 

Mixfd Fat it Acids 

Alcohols 4- 

UlNHAPOMFIAULF 

Maumcue 1 hermal 
Test 

Acetyl value. 

i 

u 

ci 

ts 

Specific 

gravity 

Melting-point. 

a e3 

2 * 13 

*-> o c> 

1 X 

~ OJ O i 

6 3 

sir 

* a 

Iodine vilue 


g 

o 

p< 

to 

c 

o 

M 

Iodine value. 



Ter 

cent 

C°. 


C*. 


Per 

cent 

Per 

cent 

C° 

l'ei 

cent 

51 

4 5-6 4 

00-64 

15 5 

0 800 

133 

281-204 

83 2-85 6 

37-41 

25*5-25 7 

65 

n-47 

4 1-6 4 

61-65 

— 

— 

10 3-10 8 

— 

82 7 

31 7-42*6 

23 5-20 5 

65 

- 

55 24 

— 

- 

- 

— 

— 

— 

55 

— 

— 

— 

23 3 

50 8 

— 

— 

418 

327 5 

17 

43 1-51 8 

33 5 

26 4-36 

— 

15 24 

- 

- 

— 

- 

— 

— 

52-55 

— 

— 

- 

2 63 

- 

— 

— 

— 

— 

— 

51 5 

_ 

— 

— 

— 

— 

— 

: 

— 

— 

— 

— 

— 

— 
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TWADDELL AND THERMOMETER SCALES. 


[994—996, 


RELATION OF DEGREES TWADDELL TO SPECIFIC 
GRAVITY. 

994 . The relation of degrees Twaddell to the specific gravity of a liquid is 
most readily stated by assuming the specific gravity of water to be 1000 instead 
of unity. On this assumption — 

Specific gravity - 1000 
Degrees Twaddell — 

Specific gravity — (Degrees Twaddell x 5) + 1000. 


THERMOMETRIC SCALES. 


995 . There are two different thermometrio scales in use in this country, the 
Centigrade and Fahrenheit ; the former of these is now always used for scientific 
purposes. The two scales are mutually convertible by the following formulae, 
in which F° represents a temperature on the Fahrenheit scale, and C° a tempera- 
ture on the Centigrade scale : 


F°- 

C°« 


9 C° 


+ 32 

u 

5(F° - 32) 
9 


The temperatures referred to in this treatise are given on the Centigrade scale. 


WEIGHTS AND MEASURES. 

996 . The corresponding values of the Metric and English weights and measures 
are given below. The use of the Metrio or decimal system is strongly recom- 
mended on account of its extreme simplicity. The smaller denominations are 
a tenth, hundredth, thousandth, &c., of the unit chosen ; they are designated by 
the Latin prefixes deci-, centi-, milli-, &o. The higher denominations are 10 times, 
100 times, 1000, &c., times the unit, and aro named by the Greek prefixes deca-, 
hecto-, kilo-, &c. Examples of the use of these prefixes will be found in the Tables 
which follow. 

The “ unit of length ” in the Metrio system is the “ metre, ” which is equal 
to 39*37 inches. The “ unit of volume ” is the “ litre,” or cubic decimetre. The 
“ unit of weight ” is the gram, which is the weight of one oubio centimetre of 
distilled water at 4° C. 

The chief conveniences arising from the use of this system are : 

(1) That all the different denominations can be written as one; since they 
are either multiples by ten, or are decimal fractions, of the unit. Thus 6 deca- 
grams, 3 grams, 4 decigrams, 8 milligrams would be written 53 408 grams 
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(2) That since one cubio centimetre of water at 4° C. weighs a gram, the 
wight of water in grams may be obtained from its measure , by simply converting 
the volume into cubic centimetres. The number thus obtained will represent 
at once the corresponding weight of water in grams This weight is only strictly 
accurate when the water is measured at 4° C. But for ordinary purposes the error 
introduced, when the water is at the temperature of the air, is too small to be of 
any importance in the preparation of solutions. The correction for water at 
temperatures different from 4° C. may be obtained from paragraph 982. 

The Weights and Measures which are most frequently used for chemical pur- 
poses are the gram, the millimetre (mm.), the litre, and the cubio centimetre (c 0. ) 
which is one-thousandth of a litre. 


997 . ENGLISH WEIGHTS AND MEASURES. 


lb 

1 


Apothecaries Weiqut 


| Avoirdupois Weight. 

oz 

dims, scruples 

grains 

lb 07 

dims 

grains 

12 

= 00 - 288 = 

6760 

1 * 10 

= 256 

«= 700O 

1 

« 8 a 24 = 

480 

1 

- 16 

= 4 V 7 6 


1 - 8 « 

60 


1 

- 27 348 


1 - 

20 





Imperial Measure. 

gallon. pints. fluid oz fluid drms 
1 = 8 100 1280 
1 ■» 20 •= 100 

1 8 

1 gallon ■ 70,000 grain • of water at 10 * 7 C. 

I fluid ounce -A pint «= 437 6 „ „ 

1 gallon = 277 280 cubic inches. 

1 fluid ounce = 1*783 „ 


998. METRIC WEIGHTS AND MEASURES. 


MEASURES OP LENGTH. ENGLISH. 




metre 


Inches 


mile 

furlong yards feet 

Inches. 

Millimetre 

n 

0 001 

B 

0 03937 

B 





0 03937 

Centimetre 

= 

0 01 

B 

0 39371 






0 39371 

Decimetre 

cs 

01 

B 

8 93708 






3 9371 

Metre 

t= 

1 0 

m 

89 37079 

=» 




8 

8 871 

Decametre 

ss 

10 0 

B 

893 70790 

ss 



io 

2 

97 

Hectometre 

— 

100 0 

B 

8937 07900 

s 



109 

1 

1 

Kilometre 

82 

1000 0 

B 

39370 79000 



4 

213 

4 

10*2 

Myiiometre 

= 1 

10000 0 

B 

393707 90000 

B 

6 

1 

160 

0 

0 



1 Inch 

— 

0 0264 metre- 

2 6399 centimetres 





1 foot 

-0 304 S 








ls<i inch-0 4614 *4 centimetres. 
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DATA FOR WEIGHTS AND MEASURES, 


[ 999 , 


MFASURES OF CAPACITY. 
1 litre =1 cubic decimetre. 


/Millilitre, or 
\ Cubic centimetie(c c ) 
Centilitre 
Decilitre 
Litre 
Decalitre 
ILctolitie 
Kilolitie 
Mjiiuluro 


litre 

cubic inches 


pints 

0 001 

a 

0 00103 

= 

0 00176 

0 01 

-a 

0 61027 

= 

0 01761 

0 l 

=3 

0 1027 

= 

0 17003 

1 0 

.3 

61 027 

as 

1 76077 

10 0 

=3 

010 27 

sat 

17 C0773 

100 0 

=5 

6102 7 

SS 

170 07731 

1000 0 

S3 

61027 0 

s a 

1700 77341 

10000 0 

- 

610270 0 


17607 73414 


1 cubic inch ra 0 01fi30 litie. 

1 cubic foot =* 28 31631 litres. 
1 gallon - 4 54330 „ 


MEASURES OF WEIGHT. 


1 gram= the weight of 1 cubic centimetie (c c ) of water at 4* C. 





grams 



grains 

1 Avohdupols. 

Milligram 


ss 

0 001 


S3 

0 01643 




Ccntigiain 


=3 

0 01 


=* 

0 16432 




Decigram 


=1 

0 1 


«= 

1 64323 




Qiani 


— 

1 0 


= 

15 43235 

lbs 

07 

dims 

Decagram 


S3 

10 0 


S3 

154 32340 

= 0 

0 

6 65 

Hectogram 


r= 

100 0 


= 

1643 23188 

a 0 

3 

8 5 

Kilogiam 


S3 

1000 0 


a 

16432 34880 

=3 2 

3 

6 

Mynogiam 


[ a 1OU00 0 1 



154323 48£Q0 

a 22 

1 

2 



1 giain 


ss 

0 0649 gram. 






1 oz 

(lioy) 


ss 

81 1035 gi unis. 






lib. 

(Avoudupois) 

Si 

453 593 ,, 





99 > DATA FOR CONVERSION OF WEIGHTS AND 
MEASURES. 

Cubic feet x 6 2355 =» gallons. 

Cubic inches x 0*003607 =■ gallons. 

Ounces x 28 349 « grams. 

Grains x 0*0648 «= grams. 

Grams x 15 432 = grams 

Pints x 567 936 cubic centimetres. 

Gallons x 4 548 — litres. 

Litres X 0 22= gallons. 

Centimetres x 0 3937 -» inches. 

Inches x 2*54 ~ centimetres. 

Grains per gallon 

* — parts per 100,000. 

Parts per 100,000 x 0 7 — grains per gallon. 


Note . — In paragraph n6 there will be found the tabulated equivalents for 
capacity in liquid ounces and in c.o., and for lengths in inches and in cm. 
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iooo. USEFUL MEMORANDA. 

Weight of 1 c.c of dry hydrogen at 0 ° C and 760 mm. = 0 0000809 gram. 
Weight of 1 c.c. of diy nitiogen at 0° C and 760 mm. « 0 001257 gram 
Weight of 1 c.c of dry air at 0 ° C and 760 mm. 0 001203 gram. 

1 gram of hydiogen at 0° C and 760 mm. measures 1112 litres. 

1 gram of air at 0 ° C and 760 mm. measures 0 773 litre. 

Specific gravity of hydrogen, air as unit = 0 0605 
Specific gravity of air, hydrogen as unit =* 14 38 
Weight of 1 c.c. of mercury at 0° C = 13*596 grams 
Coefficient of expansion for gases =• 57 -^= 0*003665 
Average percentage of oxygen in air, by volume — 20*0tt. 
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LOGARITHMS. 


[ 1001 , 



1 

2 3 

0043 

0086 0128 

0453 

0492 0531 

0828 

0864 0899 

1173 

1206 1239 

1492 

1523 1553 

1790 

1818 1847 

2068 

2096 2122 



Proportional Parts 


0569 

0934 

1271 

0607 

0969 

1303 

0645 

1004 

1335 

1584 

1875 

2148 

1614 

1901 

2175 

1644 

1931 

2201 


1673 

1703 

1732 

1959 

1987 

2014 

2227 

2253 

2279 


17 2394 

18 2553 

19 2788 


mum 


31 4914 
82 5061 
33 6186 


ESS 


3032 

3064 3076 

3243 

3444 

3636 

3263 3284 
3464 3483 
3655 3674 

3820 

3997 

4166 

3838 3856 
4014 4031 
4183 | 4200 

4330 

4487 

4639 

4346 4362 
4502 4518 
4654 4669 

4786 

4800 4814 

4928 

6065 

5198 

4942 4955 
6079 6092 
6211 6224 

6328 

6463 

6676 

5340 5353 
6465 6478 
6587 6599 


12 3 

4 5 6 

1 7 8 9 


4 8 11 

15 19 23 

26 30 34 

3 7 10 

14 17 21 

24 28 31 

3 6 10 

13 16 19 

23 26 29 

3 6 9 

12 15 18 

21 24 27 

3 6 8 

11 14 17 

20 22 25 

3 5 8 

11 13 16 

18 21 24 



3160 3181 320112 4 6 8 11 13 15 17 19 


8 10 12 14 16 18 
8 10 12 14 16 17 
7 9 11 13 15 17 


3874 

3892 

3909 

4048 

4065 

4082 

4216 

4232 

4249 

4378 

4393 

4409 

4533 

4548 

4664 

4683 

4698 

4713 

4829 

4843 

4857 

4969 

4983 

4997 

6105 

6119 

5132 

5237 

6260 

6263 


2 4 6 
2 8 5 
2 3 6 

7 9 11 
7 9 10 
7 8 10 

12 14 16 
12 14 15 
11 13 15 

2 3 6 
2 3 6 

13 4 

6 8 9 
6 8 9 
6 7 9 

11 13 14 
11 12 14 
10 12 13 


6011 

6024 

5038 

5145 

6159 

6172 

6276 

6289 

6302 


13 4 

6 7 8 

10 11 12 

13 4 

6 7 8 

9 11 12 

13 4 

6 6 8 

9 10 12 


6128 6188 
6232 6243 
6335 6346 


44 6435 
46 6532 

46 6628 

47 6721 6730 

48 6312 6821 

49 6902 6911 


m 


5729 5740 5762 
5843 5866 6866 
6966 6966 6977 






13 4 
12 4 
12 4 

6 6 8 
6 6 7 
6 6 7 

9 10 11 

9 10 11 

8 10 11 

12 3 
12 3 
12 3 

6 6 7 
6 6 7 
4 6 7 

8 9 10 

8 9 10 

8 9 10 

12 3 

4 5 6 

8 9 10 

12 8 
12 8 
12 8 

4 5 6 
4 6 6 
4 6 6 

7 8 9 

7 8 9 

7 8 9 


3 4 6 6 7 8 
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Logarithms — continued; 
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1002. Anti-logarithms. 
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Anti-logarithms— continued. 


Proportional PartB. 


3170 3177 

3134 

3243 3251 
3319 3327 
3396 3404 

3476 34 S3 
3556 3505 
3639 3648 

3258 

3334 

3412 

3491 

3573 

365G 

3724 3733 
3S11 3819 
3S99 3903 

3741 

3828 

3917 

3990 3999 

| 4000 


3499 

35S1 

3664 

3503 

35S9 

3073 

3516 

3597 

3681 

3750 

3758 

3767 

3837 

3846 

3855 

3926 

3936 

3945 

4013 

4027 

4030 




4140 4150 4159 
4236 4246 4256 
4335 4345 4355 


J6 

4406 

4416 

4426 

J8 

4508 

4519 

4529 

m 

4613 

4624 

4634 


84 6918 6934 6950 6968 

*85 7079 7096 7112 7129 

*86 7244 7261 7278 7295 


m 


•94 8710 
•95 8913 
*96 9120 


•97 9333 
•98 9550 
*99 9772 


8790 8810 8881 
8995 9016 9036 
9204 9226 9247 


9419 9441 
9638 9661 


9484 9506 9528 
9705 9727 9760 
9931 9954 9977 


2 3 3 4 6 
2 3 4 4 6 
2 3 4 6 6 


2 

3 

5 6 

8 

9 

11 12 14 

2 

3 

5 6 

8 

9 

11 12 14 

2 

3 

5 6 

8 

9 

11 13 14 


2 3 5 
2 4 5 
2 4 5 
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7 9 11 

7 9 11 

12 14 16 

12 14 16 

13 14 16 


2 4 6 
2 4 6 
2 4 6 

8 9 11 

8 10 12 

8 10 12 

IS 15 17 
14 15 17 
14 16 18 






















































































PART VIII 


PREPARATION OP GASES. 

USE OP COMPRESSED GASES. 
DISTILLATION OP WATER. 

LISTS OP APPARATUS AND CHEMICALS. 
BOOKS FOR REFERENCE. 


Introductory Remarks. — Fall descriptions will be found in Clowes' 
Practical Chemistry , Section VII., of the fitting and furnishing of the Chemical 
Laboratory, of the preparation of reagents and of reagent-bottles, and of 
methods of storage. There are also descriptive lists of the chemicals and 
apparatus required for general laboratory purposes and for qualitative 
analysis, as well as lists of chemical names with symbols and formulae. 

Some of these descriptions are reproduced in Part VIII. of this book, 
and are followed by lists of the additional apparatus and chemicals which 
are required for quantitative analysis. 


The Preparation of Gases. 

1010. A Convenient Form of Apparatus for furnishing a con- 
tinuous stream of certain gases in a dry condition is shown in Fig. 129. It 
is suitable for the preparation of gas by the action of a liquid upon a solid 
substance at ordinary tempeiature. 

Two bottles (A, B), with tubulures near the bottom, are connected below 
by means of rubber tubing as is shown m section in the figure. The acid- 
bottle (A) contains the liquid, and is raised so as to deliver its contents into the 
generating-bottle (B) which contains the solid. The gas which is evolved 
in the generating- bottle (B) is forced out by the pressure of the liquid in the 
acid-bottle (A), and escapes through strong sulphuric acid, or other purifying 
liquid, which is contained in the washing-bottle (C). 

The escape of the gas can be regulated by adjusting a screw-clamp (E). 
When the clamp is closed, the pressure produced by the gas collecting in the 
generating-bottle (B) forces back the liquid into the acid-bottle (A), and thus 
stops the further generation of the gas. The production of gas recommences 

582 
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as soon as the clamp is opened, since the liquid from the acid-bottle flows once 
more into the generating-bottle as soon as the pressure of. the gas is reduced. 

Fig. 129. 



When the apparatus is not in use, the acid-bottle is lowered in order to 
remove unnecessary pressure : the bottle is shown 
in this position in dotted outline in the figure. 

A layer of roughly broken glass, about 3 cm. 
in depth, should be placed upon the bottom of the 
generating-bottle (B), so as to prevent the solid 
from remaining in contact with acid at the bottom 
of the bottle when the apparatus is not in use. 

The bottles are fitted with rubber corks, and these 
are fastened down by wire to the necks and tubu- 
lures of the bottles in order to prevent them from 
being loosened or displaced. 

1011. The Kipp Apparatus (Fig. 130) may 
also be used for generating gases. It is similar 
in its action to the apparatus already de- 
scribed (IOIO), but the acid vessel is placed above 
the generating vessel, and the two are connected 
together rigidly when they are fitted up for use. 

4 

1012. In preparing the following Oases, the materials specified 
below should be used in tho apparatus {IOIO, IOII) : 


Fra. 130. 



Thb Kipp Genebatob. 
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Hydrogen : zinc and dilute sulphuric or hydrochloric acid. 

Carbon dioxide : marble and dilute hydrochloric acid. 

Hydrogen sulphide : ferrous sulphide and either dilute hydrochloric or 
sulphurio acid. 

Hydrogen chloride : lumps of rock salt and strong sulphuric acid. 


Use of Compressed Gases. 

IOI3. Most of the gases which are frequently required for use in the labora- 
tory can now be purchased and stored in the compiessed or liquefied condition. 
They are sent out in steel cylinders provided with a screw-valve, and a 
suitably regulated stream of gas may be obtained by the careful adjust- 
ment of this valve. A regulator may be interposed in order to prevent the 
possibility of the gas issuing under too gieat a pressure. 

Oxygen, hydrogen, carbon dioxide, hydrogen sulphide, chlorine, coal-gas, 
air and other gases may now be kept 111 stock in the compressed state in the 
laboratory, and they aie then ready for use at any moment. 

By a special fitting applied to the cylinder of liquid carbon dioxide, the liquid 
may be allowed to issue into the air and furnish the solid carbon dioxide : this 
substance may be used either alone, or made into a paste with ether, as a powerful 
cooling agent Liquid air, which can now be produced in a laboratory apparatus, 
serves as a still more powerful refrigerator. 

{Sulphur dioxide is usually supplied in the liquid state in strong glass 
bottles furnished with metal screw-valves. When the valve is opened a 
constant stream of the gas is obtained by the evaporation of the liquid. 


The Distillation of Water. 

IOI4. The Process of Distillation of Water may be carried on 
in the constant still which has been already described in paragraph 60. 

Another form of constant still is shown m Fig. 131 (p. 535), but the Brown 
condenser (Fig. 28, p. 32) is more efficient than the form shown here. The 
apparatus is represented in section about one-twentieth its working size, 
with the exception of the side-feed to the boiler, which is about one-tenth its 
real diameter. 

The water in a copper still (A) is heated by the flame of a Fletcher burner 
or of a large-sized Bunsen burner. The steam thus generated passes from the 
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top of the still through a spiral block-tin tube, which is immersed in water 
in the copper condensing- vessel (B). From this condenser the distilled water 
flows into a large stoneware vessel (C), which is furnished with a tap below 
from which the water is drawn when required. A long syphon-tube (CD) 
serves as a gauge to indicate the level of the water inside the jar. 

The lower part of the condensmg-vessel (B) is constantly supplied with 
cold water from a tap (G) through the long funnel-tube. The hot water over- 


Fio. 131. 



A Constant Water-still. 


flowing from the condenser passes from the tube (H) at the top of the condenser 
into a side-feed for supplying the boiler. From the side-feed the excess of 
water flows down a central tube through a waste-pipe to the sink, as is shown 
by the arrow. 

The spiral block-tin pipe in the condenser must be of sufficient diameter 
to prevent it from offering any obstruction to the free escape of the steam 
from the boiler. Every part of this tube must have a downward slope in 
order to prevent water from collecting in it, and the coils must be supported 
by a suitable framework of wood or metal in order to prevent them from 
sinking from their original position. 

The copper still should be furnished with a broad lid screwing upon its 
mouth, for convenience in removing the deposit which collects within. If 
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this lid should be fastened a brass tube carrying a screw-union, by which the 
tin condensing-pipe may be connected steam-tight with the still. 

When the still is working the boiler is constantly supplied with the hottest 
water from the condenser through the side-feed, and the water in the boiler 
is thus always maintained at the level shown by the dotted line. 

As soon as the apparatus has been properly fitted up and the supply of 
water has been duly adjusted, it is only necessary to light gas under the still 
when the distillation is started and to extinguish it when it is to be stopped, 
and no attention is required during the process of distillation. The incrus- 
tation must be occasionally removed from the interior of the still, and from 
the supply-tube for hot water from the condensing- vessel ; this is effected 
either mechanically or by dissolving it in dilute hydrochloric acid. 

The wooden stand, which supports the still and the storage-jar, may be 
fitted with shelves and doois so as to serve as a store-closet. 

This copper still, which is 60 cm. in circumference below and 20 cm. in 
height, and is kept filled with water to a height of 10 cm., yields about 2 
litres of distilled water per hour when it is heated by a large Bunsen burner. 

In laboratories which requne a larger supply of di&tilled water than can bo 
furnished by the above apparatus, a copper still of seveial gallons capacity may 
be set in masonry and heated cither by a large gas-burner or by a small furnace 
fed with coal or coko. The hot water fiom the upper pait of the condenser should 
pass into a small cistern, the overflow-pipe of which is so arranged as to maintain 
its water- surface level with that required in the still The still is supplied with 
hot water by connecting it with this cistern by means of a tube bent downwards 
in its middle, so as to hinder the circulation of water between the still and the 
cistern 

IOI5. Pure Distilled Water free from Organic Matter.— If the 
distilled water which is used in the Peimanganate Process (6l8) is not known 
to be free from organic matter, it should be treated m the following way : 

About 1 gram of potassium hydrate and 0*2 gram of potassium perman- 
ganate are added to about 5 litres of distilled water in the distillation-flask 
( 612 ), or in a large tin can (Fig. 107, p. 418), which is fitted with a reflux con- 
denser. T& liquid is gently boiled for twenty-four hours, and is then distilled 
into Nossler cylinders (6ll) as long as the distillate gives any colour with 
Nessler solution (6lO)« As soon as the distillate is proved to be free from 
ammonia and organic matter, it is received in a clean Winchester quart 
bottle. 


Condensers. 

ZOl6. The Liebig Condenser (Fig. 96, p. 334) is now often replaced 
by other forms of condenser. 
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One of these is shown in Fig. 99, p. 350, in which the inner tube is spiral 
in form, and therefore affords a large condensing surface in a comparatively 
small space. 


Fig. 132. 


The Cribb Condenser (Fig. 132) is another form which is both compact 
and efficient. The condenser proper consists of two 
concentric tubes which are fused together at the 
top. An interior chamber is thus formed in which 
the condensation is effected. 

Cold water is conveyed by the tube (a) into the 
interior of the inner tube, it then overflows and 
passes round the exterior of the outer tube and 
finally flows away by the side- tube ( b ). 

The vapour passes into the condenser at the 
inlet (c), and the condensed liquid is collected by 
means of a receiver placed under the tube (d). 

In this apparatus the condensing-chamber is small 
but offers a very large cooling surface ; the water 
is also caused to flow over the outer tube of the 
condenser, where it is freely exposed to the air 
and abstracts additional heat while it is being 
vaporised. 

Care must be taken that the condensing water does not overflow down the 
tube (d) into the receiver. A modification of the apparatus is now made in 
which the outer cooling water layer is inclosed 
by a jacket, and is thus prevented from entering 
the receiver. 



Fig. 133. 



The Soxhlet Condenser (Fig. 133) is an- 
other very convenient form of condenser. It 
consists of two concentric glass or metal spheres, 
the inner sphere being supplied with a current 
of cold water which flows as is shown by the 
arrows, and the vapour to be condensed passing 
between the inner and the outer spheres. By 
this means very thorough condensation is 
effected. The apparatus is specially useful as 
a reflux condenser. 

If very volatile liquids are used, an upright tube about 1 cm. in diameter 
and 60 cm. long may be inserted in the upper orifice of the condenser by 
means of a perforated cork. This precaution effectively prevents any escape 
of vapour* 


The Soxhlet Condenser. 
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List of Apparatus Required. 

The following apparatus will be required for Quantitative Analysis in 
addition to that usually provided for Qualitative Analysis. See Clowes ’ 
Qualitative Analysts, eighth edition (IIO8-II32). The numbers in brackets 
refer to paragraphs in the preceding text. 

1017. Apparatus for Each Student. 

Parts I. and II. — Gravimetric • 

Weighing-bottle (16). 

Pair of watch-glasses 5 cm in diameter, with clip (16). 

Desiccators (62, 63). 

Beakers, two 250 0 0 ., and two 500 c c 

Quantitative filter-papers ; 9 cm. and 1 1 cm m diameter. Schleicher 
and SchuU’s arc recommended (76, 81, 88). 

Three funnels, with ground edges 

Two porcelain crucibles, 4 cm and 4 5 cm in diameter. 

Two porcelain dishes, 10 cm in diameter. 

Two clock-glasses, 10 cm in diameter. 

Mounted piece of platinum wire, 15 cm in length. 

1018. Apparatus for General Use. 

Apparatus marked with an asterisk will only serve for about six students. 
Numbers in brackets refer to paragraphs in which the apparatus is figured, 
mentioned, or described. 

Parts I. and II. — Gravimetric* 

♦A balance (1), preferably with a short beam. 

♦A box of accurate weights, the larger weights of brass and the smaller ones 
of platinum or aluminium (4), with several riders (6). 

Specific gravity bottle, 50 grams capacity (32, 34, 35). 

Sprengel tube (36, 37). 

Hydrometers (38). 

♦Two Centigrade thermometers, graduated on the stem ; one from 10° to 
100°, the other from 0° to 300°. 

Fractionating-flasks of 200 cc., 300 co., and 2 litres capacity (42, 612). The 
largest size must be fitted with a ground glass stopper. 

Steel percussion mortar (56). 

Porous tiles or plates (107). 

Iron mortar, 20 cm. in diameter. 

Water-oven (59). 

Air-oven (61). 

Air-bath (73, d). 

Beakers, 1 litre in capacity. 

Beaker-flasks (69). 
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Sieves of brass wire (56, 177). 

Porcelain dishes, 20 cm in diameter. 

Bound flask, 300 c c (305) 

Funnels, 15 cm. in diameter. 

Filter flask (79) 

Separating-funnel (79). 

Bose crucible, or substitute (92). 

Gooch crucibles and cones (82). 

Iron plate on feet (73). 

♦Platinum crucible, 3 cm. high and across, about 20 grams in weight (90) 
Platinum capsule, 5 cm in diameter, 2 cm. deep (90). 

Fused silica capsules, about same size (90). 

Nickel crucibles, 5 cm. m diameter. 

Platinum dish, 9 cm in diameter. 

Silver dish. 9 cm. in diameter 
Nickel dish, 10 cm in diameter. 

♦Geissler pump (80). 

Hot- water funnel jacket (107) 

Filters, cut, 25 cm in diameter. 

♦U-tubcsof various shapes (177, 178, 352) 

Calcium chloride tubes, straight, 10 cm 
♦Liebig’s or Gcissler's potash-bulbs (175, 790). 

50 c c pipettes, ungraduated (254). 

Two 300 c c. conical flasks. 

Schrotter’s carbonic acid apparatus (183, 184) 

Straight bulb-tube (191). 

Combustion tubing, 1*5 cm. and 2 5 cm in internal diameter 
Porcelain boats, small and large (196, 528, 786). 


Parts III,, IV ., V. — Volumetric and General. 

♦Measuring-flasks ; 1000, 500, 250, 200, 100 c c. capacity (248) 

♦Pipettes ; 50, 25, 20, 10, and 5 c c. capacity (254). 

Pipette, 10 c c. graduated into tenths of a c c (254). 

♦Mohr’s burettes, 50 c.c. capacity graduated into tenths of c.c ; one with 
glass stop-cock below (256). 

♦Measuring-cylinders, graduated throughout and 1000, 500, 250, and 100 c o, 
capacity (259). 

Erdmann’s float (256). 

Weight burette (292). 

Eggertz’s carbon tubes (530). 

Calorimeters (554, 555, 556). 

Six Nessler cylinders, 15 om. in height, 4 cm. in diameter, about 100 c.o. 
capacity (611). 

Microscope, with one- sixth objective. 

Schmidt’s milk-tube (667). 

Soxhlet extractor (671). 

Condensers (1016) 

Butter-flask (683). 

Alcohol still for beer (.693). 
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Erlenmeyer’s combustion-furnace, 75-80 cm. in length (783). 
Copper-gauze (788). 

Silver-gauze (788). « 

Calcium chloride U-tubes (789). 

Nitrogen bulbs, Will and Varrentrap’s (805). 

Nitrogen-mcasuring tube (810) 

Digester for sealed tubes (814). 

Raoult ’8 apparatus (822). 

Thermon ieter, which can be read to the hundredth of a degree (822). 
Boiling-point molecular weight apparatus (824). 


Cupels and cupel mould (576). 
Conical mould (579). 

Assay- tongs (577). 


Assaying, 

Gas muffle-furnace (677). 

Wind-furnace. 

Crucibles, wrought-iron and clay (572, 
579). 


Part VI. — Gas Analysis. 


The Hempel apparatus and pipettes 
(857) 

The Winkler burette (861). 

Explosion pipette (882) 

The Lunge nitrometer (890). 

Truman’s apparatus (897). 


The Russell-West apparatus (906). 
Graduated gas- tubes, 50, 100, 200 c.c. 
Bottle for air-sample (913) 

The Meyer apparatus (921). 

The Dumas apparatus (926). 


1019 . List of Chemical Reagents Required. 

This list is supplementary to the lists already given for Qualitative Analysis 
(II 59 -II 72 ) in Clowes' Practical Chemistry , eighth edition. The numbers in 
brackets refer to paragraphs in which the reagents are described or referred to. 


Fuming nitric acid, D5 sp. gr. (142). 
Sodium peroxide (141). 

Bromine (140). 

Magnesia-mixture (167). 

Soda-lime (177). 

Pumice (177). 

Hydrofluoric acid solution, pure (210). 
Litmus (264). 

Cochmeal (266). 

Turmeric (267). 

Methyl-orange (268). 

Phenol-phthalein (269). 

Sodium (289). 

Steel pianoforte wire (305). 


Ferrous ammonium sulphate (307, 
108, c). 

Ammonium bisulphite (313). 

Potassium permanganate, crystals (317). 
Iodine (331, 110). 

Potassium iodate (Note, p. 178). 

Starch solution (333). 

Sodium sulphide (379). 

Glacial acetic acid (380). 

Uranium nitrate (380) 

Tricalcium phosphate (382). 

Neutral potassium oxalate. 

Succinic acid (509). 

Ammonium acetate (435). 
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Ammonium molybdate solution (520). 
Chromic anhydride (527). 

Copper ammonium chloride (528, 108). 
Bone-ash (576) 

Sheet-lead, free from silver (578). 

Pure silver (581). 

Argol, or crude tartar (572). 

Red lead (579). 

Flour (579). 

Nessler solution (608). 
Metaphenylene-diamine (620, a). 

Silver nitrite (620, c). 

Phenol (624) 

Emplastrum plumbi B.P . , (626, b). 
Oleic acid (626, c). 

Sheet-lead strips (638). 

Ether (666). 

Fehling solution (699). 

Chloroform (707). 


Hide-powder (709). 

Gallotannic acid (714). 

Indigo-carmine, pure (712, 6). 

Gelatin, Nelson’s (712, c). 

Kaolin (712, d). 

Absolute alcohol (724). 

Petroleum ether (729). 

Copper oxide, by oxidation (787). 
Asbestos 

Pyrogallic acid (863). 

Cuprous chloiido solution (864). 

Fuming sulphunc acid (876). 

Palladium (879). 

Hydrogen peroxide, 10 per cent, solu- 
tion (901). 

Resin cerate, vaseline, rubier grease, 
(892) 

Mercury, free from foreign metals. 


1020. List of Substances for Experiments and Analysis. 

Note — Substances which are marked with an asterisk (*) must be purified by 
recry stallisation ( 106 ). 


Iceland spar. 

Sugar-candy. 

Petroleum. 

♦Potassium chlorate. 

♦Copper sulphate. 

♦Alum. 

♦Nickel ammonium sulphate. 
♦Fenous ammonium sulphate. 
♦Chrome alum. 

♦Potassium dichromate 
♦Barium chloride. 

Strontium carbonate (109). 
Zinc-blende 
•Sodium sulphite. 

Sodium thiosulphate. 
Calcium carbonate (109). 
♦Ammonium oxalate. 

♦Sodium chloride (109). 
♦Sodium bromide. 

♦Potassium iodide. 

♦Lead acetate. 

Bismuth oxide (162). 


♦Zinc sulphate. 

♦Magnesium sulphate 
♦Sodium hydrogen phosphate. 
♦Sodium arsenate 
♦Potassium chloride. 

♦Oxalic acid. 

♦Cadmium sulphate. 

♦Tartar emetic (109). 
Arsenious oxide (110). 
♦Stannous chloride. 

♦Cobalt sulphate 
♦Potassium nitrate. 

♦Borax. 

♦Boric acid. 

Vinegar. 

Bleaching-po wder. 

Haematite. 

Silver Alloy. 

Calamine. 

Malachite. 

Soda-ash, 

Magnesian limestone. 
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Spathic iron-ore. 
Manganese-spar. 

Salt-cake. 

Furnace-slag. 

Felspar. 

Galena. 

Glass. 

Copper-pyrites. 

Brass borings or turnings 
Bronze „ ,, 

German-silver „ „ 

Type-metal ,, „ 

Clay-ironstone. 

Cast-iron borings or drillings 
Steel borings or drillings. 
Superphosphate. 

Guano 
Basic slag. 

Milk. 


Butter. 

Beer. 

Moist-sugar. 

Tea. 

Sumach. 

Soap. 

Cane-sugar crystals. 

Urea. 

Acetanilide. 

Chloral hydrate. 

Ammonium succinate. 

Paratoluidine. 

Caffeine 
Sodium nitrate. 

Ether, pure. 

Benzene, pure. 

Argentiferous galena. 

Gold-quartz. 

Various fats, oils and waxes (745-771). 


1021. List of Books for Reference* 

For General Analysis. 

Fresenius’ Quantitative Analysis. 

Treadwell’s Analytical Chemistry. 

For Volumetric Analysis. 

Sutton’s Volumetric Analysis. 

For Gas Analysis. 

Sutton’s Volumetric Analysis. 

Bunsen’s Gasometnsche Methode (or English edition). 
Hempel’s Gas Analysis. 

Winkler’s Gas Analysis. 

Travers* Experimental Study of Gases. 

For Special Analyses. 

Crookes’ Select Methods of Chemioal Analysis. 

Allen’s Commercial Organio Analysis. 

Frankland’s Water Analysis. 

Blyth’s Text-book of Food Analysis. 

Addyman’s Agricultural Analysis* 

Procter’s Text-book on Tanning. 
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Bermger’s Text-book of Assaying. 

Van Furman’s Manual of Practical Assaymg. 

Aaron’s Assaymg (3 Parts). 

Parry’s Assay of Antimony and Tin. 

Hiorn’s Practical Metallurgy and Assaymg. 
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1022. Oven for Drying at Constant Temperature— The drying-ovens 
described in pars 59 and 61 may often be advantageously replaced by the 
one described below. In this oven the substance to be diied may be exposed 
with certainty to the desired temperature while a current of air or other gas, 
either m the ordinary or dried condition, and maintained at the desired 
temperature, is passing over it. The temperature is attained by surrounding 
the drying-vessel with the vapour of a boiling liquid, or with the liquid itself, 
which boils at the desired point, 

Fig. 134. Fig 135. 




Oven fob Drying at Constant Temperature. 

A muffle-shaped copper drying-chamber (C), ior containing the substances 
to be dried, is supported horizontally m a round copper-jacket (A), the space 
between the chamber and the jacket being partly or completely filled with the 
liquid of the desired boiling-point , and the liquid is maintained at its boiling- 
point by a series of gas-jets from an air-burner beneath the jacket. The 
vapour of the boiling liquid is constantly condensed by the arrangement 
shown at (B) and returned as liquid to the jacket. 

The admission of air to the interior of the drying chamber takes place 
through a fiat copper tube (D) which passes through the boiling liquid or its 
vapour, without touching the jacket, and opens into the further end of the 
drying-chamber ; the exit of the air is thiough a copper chimney (F) let into 
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the front end of the drying-chamber above the door by which the substances 
are introduced. If the ordinary air is to be admitted by this tube its inlet is 
left open to the atmosphere ; but by suitably connecting the inlet end, dried 
air or other gases can be allowed to pass over the substance to be dried. This 
form of oven secures a considerable reduction of space around the substance, 
and insures the maintenance of a umform temperature throughout the 
drying-chamber. 

Convenient dimensions for the apparatus are as follows : outside measure- 
ment of round jacket 14 in. long and 4J m. m diameter ; the drying-chamber 
is 2} in. across at the bottom and If m. high, with a greatest diameter of 
2J in. : the chimney is II m. high. 

The substances to be dried are conveniently ranged along a copper tray, 
which is too short to stop the air-inlet, and the tray is then pushed into the 
drying-chamber. Six watch-glasses or flat weighing-bottles can be placed 
on such a tray at one time. 

1023. Analysis of Commercial Aluminium.— The examination of the 
commercial metal is now a matter of much importance. The method des- 
cribed below serves also for aluminium alloys. 

The commercial metal may contain the following impurities : — carbon, 
silicon, manganese, sulphur, phosphorus, iron, copper, nitrogen and sodium ; 
and of these the sodium is most deleterious. 

The impurities are estimated as is described below. The sample for 
analysis is required m the condition of filings, turnings, or borings. 

Carbon. The total carbon is estimated in 2 grams of coarse borings of the 
metal by dissolving away the aluminium and iron m a solution of cupric ammo- 
nium chloride, and then burning the residual carbon and weighing the CO a 
produced (528)- 

Silicon may be present both in the free graphitic state and as combined 
silicon. The total silicon present m both these forms may be estimated by 
fusing 3 grams of the metal with sodium carbonate, treating the cool mass 
with excess of HC1 or H 2 S0 4 , evaporatmg to dryness and then heating the 
residue to render the silica insoluble (210)- After the residue has been treated 
with dilute HC1, the silica may be filtered off, washed, ignited and 
weighed, and the weight of silicon calculated. The filtrate and washings 
are reserved. 

Manganese is estimated by treating 5 grams of the metal as is directed 
for the estimation of manganese in steel by the bismuthate method ( 1028 ). 

Sulphur is determined by dissolving 5 grams of the metal m aqua regia, 
precipitating the resulting H 2 S0 4 as BaS0 4 , and weighing the sulphur in this 
form (535). 
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Phosphorus is estimated by treating 5 grams of the metal as is directed 
for pig-iron, and weighing the resulting lead molybdate (537, 53& 1026). 

Iron is determined m the filtrate from the above estimation of silicon. 
The filtrate and washings are made up to a definite volume, and two thirds of 
the liquid are used for the estimation, the remainder being reserved for the 
determination of aluminium which follows. 

Sodium hydrate solution is added to the liquid m quantity sufficient to 
redissolve the precipitated A 1 ( 0 H) 3 , and the liquid is diluted to 300 c.c. 
and allowed to stand ; the precipitate of Fc(OH) 3 is then filtered off, washed, 
and dissolved in dilute acid, and the iron in this solution is reduced to the 
ferrous condition and titrated with standard dichromate or permanganate 
solution (310, 3 23). The Fe thus found was contained m 2 grams of the 
commercial aluminium. 

Al uminium. The remaining third part of the filtrate fiom the silicon 
estimation, corresponding to 1 gram of the commercial aluminium, is shaken 
with 2 grams of powdered sodium phosphate until the salt is dissolved, and 
ammonia solution is added until a permanent precipitate is formed : the 
precipitate is then just redissolved by the gradual addition of HC 1 and boiling, 
and the liquid is made up to 300 c.c. with hot water. An excess of 10 grams 
of sodium thiosulphate, above the amount required to reduce any ferric iron 
present, and 20 c.c. of acetic acid are now added, the whole is boiled for fifteen 
minutes, and the precipitate is filtered off, washed, dried and ignited. The 
ignited substance is then heated with HC 1 , any insoluble matter is removed by 
filtration, and the aluminium is again precipitated as A 1 P 0 4 , as is directed 
above, and the precipitate is filtered off, washed, dried, igmted and weighed. 
From the weight found the weight of A 1 is calculated. 

Copper is determined in 5 grams of the commercial aluminium. Dissolve 
this m HC 1 and filter, reserving the filtrate. Wash the insoluble residue, 
dry and ignite it, and heat it with HF, HN 0 3 and H 2 S 0 4 , continuing the 
heating until the two former acids have been removed by evaporation ; then 
dilute the residual liquid and add it to the above filtrate. 

Now precipitate the copper from the whole liquid by passing H 2 S or by 
adding a few grams of Na a S 2 0 3 , filter off the precipitated sulphide, and either 
weigh it as Cu 2 S (474) or dissolve it in HN 0 3 , add an excess of NaOH, then 
HA in excess, and estimate the copper voiumetrically by KI and standard 
thiosulphate (357). 

Sodium. The following method of estimation depends upon the fact that 
aluminium nitrate is decomposed and yields a residue of A 1 2 0 3 at a much 
lower temperature than is necessary to decompose sodium nitrate. 

Five grams of the aluminium are dissolved in strong HNO a diluted with an 
equal quantity of water, and the solution is evaporated to dryness m a 
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platinum dish. The solid residue is then reduced to powder in an agate 
mortar, and heated below the fusing-pomt of sodium nitrate until no more 
nitrous fumes are evolved. The mass is then digested with boiling water, 
the liquid is decanted off, and the undissolved alumina is washed three or four 
times by decantation. 

The filtrate and washings are mixed, a few drops of nitrio acid are added, 
and the liquid is evaporated to dryness. The residue is then dissolved in 
boiling water, any undissolved alumina being removed by filtration, and the 
clear solution is mixed with HC1, and again evaporated to dryness and 
heated to 300° C. 

The sodium chloride which remains is then precipitated by silver nitrate, 
and the resulting silver chloride is weighed. From the weight of AgCl 
obtained the corresponding weight of Na is calculated. 

IO24. Estimation of Titanium in Iron-ores.— This method is alter- 
native to that described in par. 523. 

The aluminium and titanium must bo present dissolved m acetic acid, 
in order to keep the alkaline earth phosphates in solution. This solution 
of the ore is precipitated by the addition of sodium phosphate and thiosulphate; 
and the precipitated A1P0 4 and Ti0 2 are separated, after the removal of tho 
silica, by fusion with Na 2 C0 3 and extraction with water containing NaOII. 
The undissolved sodium titanate is dissolved in HC1, and precipitated as 
Ti 0 2 by means of Na 2 S 2 0 3 solution. 

Heat from 3 to 5 grams of the finely -powdered ore with HCl until it is 
decomposed, evaporate the whole to diyncss, heat the residue to render 
silica insoluble, extract the residue with HCl, and filter, reserving tho filtrate. 
Wash, ignite and weigh the silica ; then pour upon it some HF and a few 
drops of II 2 S0 4 , evaporate, ignite the residue, dissolve it in HCl and add 
the solution to the above filtiate. 

Introduce into this liquid from 2 to 3 grams of powdered sodium phosphato 
and dissolve the salt by stirrmg ; then add ammonia solution gradually 
until a slight permanent precipitate is produced and just redissolve this 
by the cautious addition of HCl ; finally add an excess of one or two c.c. 
of the acid. 

Now dilute the acid liquid to about 300 c.c. with hot water, add an excess 
of 10 grams of powdered sodium thiosulphate over the amount required to 
reduce any ferric iron present to the ferrous state, then add 20 c.c. of dilute 
acetic acid and boil the liquid for 15 minutes. 

The precipitate of Ti0 2 and A1P0 4 thus obtained is filtered off, washed by 
decantation with hot dilute HA and finally with boiling water, and then 
filtered, dried and ignited. The precipitate, which may contain Si0 2 , F 2 0 3 
and A1 2 0 3 , is redissolved in HCl, the liquid is filtered if necessary, nearly 
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neutralised with AmOH, and reprecipitated as before by means of Na 2 S 2 0 8 and 
Na 2 HP 0 4 in acetic acid solution, but using only 1 gram of the sodium phos- 
phate. 

The phosphate precipitate is now treated with HC1, which only partly 
dissolves the titanium. The undissolved residue is filtered off, and is heated 
with HF and H 2 S0 4 m a platinum vessel until the HF has been removed 
by evaporation and the silica volatilised : the residue is then dissolved in HO, 
and the solution is added to the above solution in HC1. 

The whole liquid is now reprecipitated by Na 2 HP0 4 and Na 2 S 2 0 3 m 
acetic acid solution as before, and the precipitate containing the A1P0 4 and 
Ti0 2 is washed, dried, and ignited ; it is then powdered, mixed with about 
six times its mass of Na 2 C0 3 , and fused at a gentle heat for ten minutes m a 
platinum dish. The cool mass is now treated with warm water containing a 
little NaOH, free from dissolved alumina and silica, and the liquid is filtered. 

The whole of the titanium is now present as sodium titanate m the undis- 
solved residue. This residue is ignited and then dissolved in the least possible 
quantity of HC1 : the acid solution is boiled, and Na 2 S 2 0 3 is added and the 
boiling is continued for fifteen minutes. The precipitate is then washed by 
decantation first with water and then with very dilute HA, it is then filtered 
off, dried, ignited and weighed as Ti0 2 . 

Note . — The aluminium may, if necessary, be estimated in the above water 
and NaOH filtrate, by acidifying with HA and adding Na 2 HP0 4 , and filtering, 
washing, igniting and weighing the A1P0 4 . 

IO 25 . Analysis of Bauxite. — About 1 gram of the powdered sample is 
accurately weighed into a crucible and dried at 105° C. to determine the 
hygroscopic moisture ; it is then ignited to ascertain by the loss the 
amount of combined water. 

About 0*5 gram of the very finely powdered sample is then weighed 
accurately and fused with KHS0 4 . The cool mass is heated with dilute 
HC1, and then evaporated to dryness, the residue being heated to render the 
silica insoluble ( 2 I 0 )« The mass is then treated with dilute HC1, and the 
diluted liquid is filtered to remove the undissolved matter, reserving this 
original fiUrate. 

The undissolved matter is boiled for fifteen minutes with sodium carbonate 
solution, and the residue is filtered off, washed, dried, ignited and weighed as 
insoluble matter. The alkaline solution is reserved. 

The alkaline solution and washings from above are acidified with HC1, 
and then evaporated to dryness ; the residue, after being heated to render 
the silica insoluble, is extracted with dilute HC1 and the silica is removed 
by filtration and retained : the acid filtrate may be once more evaporated 
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and the residue treated as above for the separation of the last trace of silica, 
which is filtered of! and retained on the filter. 

The original filtrate is evaporated to dryness (2I0)> the residue is heated 
with dilute HC1, and the silica is filtered off and retained, this main filtrate 
being also retained. 

All three portions of silica from the above procedure are thoroughly 
washed from alkali-salts, then dried, ignited and weighed. The ignited 
silica is evaporated with HF and a few drops of H 2 S0 4 in a platinum vessel, 
and the residue is ignited and weighed : the loss of weight caused by this 
treatment is the weight of silica present. Any residue is dissolved and added 
to the above main filtrate . 

The main filtiate fiom above is mixed with a slight excess of bromine- 
water, and the A1 2 0 3 , Fe^O, and Ti0 2 are precipitated together by adding 
a slight excess of ammonia solution and then warming the liquid for about 
half an hour, or until the excess of ammonia has been removed. The 
precipitate is now filtered off, washed, and reserved for further examination : 
the filtrate is mixed with excess of ammonia and Ca and Mg are estimated in 

it (426, 427). 

The precipitate of A1 2 0 3 , Fe 2 0 3 and Ti0 2 is dissolved in HC1, the solution 
is evaporated if necessary to a small volume, and is poured into strong pure 
solution of NaOH. The liquid is heated for some time, and is then diluted 
and filtered, and A1 is determined in the filtrate by acidifying and adding 
excess of ammonia (130)- The precipitate, which contains Fe 2 0 3 and Ti0 2 , 
is filtered off, well washed, ignited and weighed. 

The ignited precipitate of Fe 2 0 3 and Ti0 2 is then fused with KHSO4, the 
cool mass is dissolved m water, and the liquid is saturated with S0 2 . From 
10 to 20 grams of sodium acetate are now dissolved m a small quantity of 
water and the solution is mixed with the above liquid, to which about a quarter 
of its total volume of acetic acid is then added. The whole is now boiled for 
about two hourvS and the Ti0 2 is filtered off at once through a double filter. 
The Ti0 2 must bo well washed with boiling water, adding S0 2 to the first 
washings if much Fe is present, and the precipitate is ignited and weighed 
as Ti 0 2 . The weight of the Fe 2 0 3 is found by difference. 

An alternative method consists in igniting and weighing tho dried and 
ignited precipitate of A1 2 0 3 , Fe 2 0 3 and Ti0 2 . then finely powdering it and 
mixing it with ten times its weight of pure Na 2 C0 3 obtained from NaHC0 3 , 
fusing the mixture, and extracting the cool mass with boiling water. The 
residue of Fe 2 0 3 and Ti0 2 is then filtered off, thoroughly washed, ignited and 
weighed, and the weight of the A1 2 0 3 is found by difference. The ignited 
mixture of Fe a 0 3 and TiO a is treated as is directed m the preceding paragraph. 
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1026. Estimation of Phosphorus in Iron by Weighing the Lead 
Molybdate (PbMo0 4 ). — After the phospho-molybdate precipitate has been 
obtained, as is directed m par. 538 * dissolve it m 1 c.c. of strong ammonium 
hydrate solution, wash out the filter and beaker well with water, and acidify the 
solution and washings with 10 c.c. of dilute HC1, then add 10 c c. of a solution 
of lead acetate containing 40 grams in the litre. Prepare solutions of NH 4 C1 
and of ammonium acetate, each containing 200 grams of the salt m the litre, 
mix 50 c.c. of each of these solutions and warm the mixture. Then mix it with 
the above liquid, heat, filter, wash the precipitate with warm water, and 
ignite, and weigh it as PbMo0 4 . This weight must be multiplied by 0 007 
to obtain the weight of phosphorus corresponding to the molybdate. 

1027. The Bismuthate Method for Estimating Manganese in Iron 
and Steel. — This method is more expeditious than the method described 
in par. 540 * since it does not involve the previous separation of the iron from 
the solution. This advantage is also possessed by the colorimetric method 
which follows (1028)- 

The bismuthate method depends on the oxidation of the manganese 
in solution to permanganic acid by means of sodium bismuthate m the 
presence of nitric acid ; the permanganic acid thus produced is then mixed 
with an excess of standard ferrous ammonium sulphate solution and the 
excess of ferrous salt is titrated with standard permanganate solution 

(318. 319) 

The process is carried out as follows. If the sample consists of steel, 1*1 
grams are dissolved by heating the steel with 35 c.c. of HNO a of 1*2 specific 
gravity : if iron is to be dealt with three times the weight must be used, 
and the amount of acid must be increased. 

After the action of the acid is completed, oxidise the organic matter present 
in the solution by adding sodium bismuthate (see Note below) gradually until 
the pink colour of the permanganic acid either persists or becomes changed 
to brown manganic oxide when the liquid is boiled : this will generally require 
about 2 grams of the bismuthate. Then add either sulphurous acid or 
hydrogen peroxide gradually until the liquid is clear, and cool it. 

When the liquid is cold, shake it well after adding about 1 gram of sodium 
bismuthate : then filter the liquid, which is coloured by HMn0 4 , through an 
asbestos filter into a flask, and wash the filter with water containing 3 per 
cent, of HN0 3 until the washings are colourless. 

Now add to the filtrate and washings a known volume of decinormal 
ferrous ammonium sulphate solution, sufficient being used to be in excess of 
that required to completely reduce the HMn0 4 , and titrate the excess of 
ferrous salt in the liquid by means of decinormal permanganate solution 

(318. 319) - 
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Each c.c. of the standard ferrous solution which is oxidised by the HMnO* 
corresponds to 0*1 per cent, of Mn for each 1*1 gram of the metal taken. 

Note — Sodium bismuthate may be purchased ; or it may bo prepared by heating 
20 parts of NaOH nearly to redness m an iron cnicible, and adding gradually 
10 parts of basic bismuth nitrate which has been dried at 100° C. : 2 parts of 
sodium peroxide are then added, and the biowmsh-yellow fused mass is poured 
out upon an iron plato to cool. It is then broken up, extracted with water, washed 
by decantation, collected on an asbestos filter, dried at 100° C. and finely powdered. 

1028. Colorimetric Estimation of Manganese in Iron and Steel.— 
When the solution of iron or steel in nitric acid is heated with ammonium 
persulphate in the presence of a small amount of silver nitrate, tho manganese 
present in the solution is converted by oxidation into permanganic acid, 
and this may be estimated colorimetrically by comparison with the colour 
similarly produced by steel with a known percentage of manganese, as in 
the method for estimating carbon in iron and steel (530)- 

The process is carried out as follows. Dissolve 0*2 gram of the sample of 
steel, and the same weight of the “ standard ” steel (see Note below), m two 
test-tubes in separate 10 c.c. portions of nitric acid of 1*2 specific gravity, by 
heating the tubes in tho water-bath until nitrous fumes cease to be evolved. 

Then add to each liquid 15 c.c. of a solution of silver nitrate containing 
1*33 grams of the salt m the litre, the 15 c.c. corresponding therefore to 0*2 
gram of AgNO a ; and, after adding about 1 gram of ammonium persulphate, 
continue to hdat the tubes in the water-bath for about half a minute after 
the production of colour by formation of HMn0 4 has commenced. 

Now place the tubes in cold water, transfer the cold liquids to graduated 
tubes (530), and equalise the intensities of the colorations by diluting the one 
with stronger colour with the necessary amount of water. The procedure and 
method of calculation are described in par. 530. 

Note . — If the steel contains more than 0*75 per cent of manganese, only 0*1 
gram of the sample should bo used for the estimation. 

For pig-iron 1 gram may be used : this is dissolved in 30 c.c. of the nitric 
acid, the liquid is filtered into a measuring flask and its volume is made up to 
100 c 0. 20 c.c. of this solution are introduced into a test-tube, and just sufficient 
ammonium persulphate is added to render the solution clear ; then 15 0.0. of the 
silver nitrate solution and the ammonium persulphate are added, and the 
procedure described above is followed. 

As in the colorimetric estimation of carbon in steel (530) the “ standard 99 
must be similar in character to the steel which is under examination. 

I02g. Estimation of Moisture in Coal.— As has been stated in par. 546, 
the estimation of moisture in coal by drying it at 100° C. can never be relied 
upon as being exact. It is generally considered, however, that more constant 
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and relatively accurate results may be obtained by drying the coal at 110 ° C. 
and making sure that it is maintained at that temperature during the drying 
process. 

This temperature may be conveniently attained by drying the coal in the 
apparatus described in par. 1022 , and using either toluene as the liquid in the 
jacket, or a mixture of glycerine and water containing 73 per cent, of glycerine 
and having a specific gravity of 1 *19. 

If the glycerine mixture is used it must entirely fill the jacket, since 
the liquid gives a constant boiling temperature although its vapour does not 
do so. The use of this mixture obviates any risks which might arise from 
the inflammability of the toluene vapour. 

IO30* Analysis of Air-dried Coal. — Since coal usually contains some 
adhering water, it is necessary as is stated in par. 545 to powder the whole 
sample very quickly, inclose it in a stoppered bottle, and to deal with the 
separate portions to be weighed as quickly as possible, else water may be lost 
to varying extents during manipulation of different parts of the general 
sample. A better plan, when possible, is to powder the general sample 
and to spread it out m a thm layer and leave it exposed to the air until it 
has lost its adherent water. This air-dried coal can be bottled and used for 
weighing off the separate portions required for the estimations. It will be 
necessary to determine the moisture in the original coal, and then to 
redetermine moisture in the air-dried coal in order to correct the results 
obtained from air-dried coal to those on the dry coal. The air-dried coal is 
better suited for the calorific power determination, since after the coal has 
been heated it has lost some of its volatile combustible constituents. 

1031. Blichfeldt’s Method of Estimating Foreign Fats in Butter.— 

Blichfeldt has described a process for the estimation of butter-fat and cocoa- 
nut fat m margarine and similar mixtures, which may contain both of these 
fats as well as ordinary oleo-margarine. It is based, like the Rei chert- Wollney 
process, on the determination of the amounts and properties of the volatile 
acids which are obtainable from the mixture under certain standard conditions. 

Reichert determined the butter-fat in the mixture by estimating the 
alkali-neutralising value of the volatile acids soluble in water (685)* and the 
process was modified and standardised by Wollney (760) : Polenske then 
attempted to introduce a correction by determining the alkali -neutralising 
value of the insoluble acids under somewhat different conditions from those 
adopted by Reichert and Wollney, and by making an allowance for the 
soluble acids which are probably associated with these in cocoa-nut fat. 

Blichfeldt attempts to solve the difficult problem of estimating the relative 
fcnd actual proportions of the soluble and insoluble volatile acids, which 
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are members of the same homologous series, by taking advantage of the 
differing solubility of their silver salts in an aqueous solution of sodium nitrate. 

For the process a solution of caustic potash is prepared, of which 100 
grams contain 50 grams of KOH. 20 grams of the filtered fat are weighed 
accurately in a 300 c.c. Jena flask, and 8 c.c. of the potash solution and 25 o.o. 
of glycerol are introduced. This mixture is cautiously heated over a naked 
flame, with constant shaking, until saponification sets m, 
great care being taken to avoid overheating. 

The product, which should be straw-yellow in colour, is 
cooled and is then made up to 200 c.c. with hot distilled 
water which has been boiled for some time to free it from 
carbon dioxide. 

50 c.c. of this soap-solution, corresponding to 5 grams of 
the original fat, are measured mto a 300 c.c. Jena flask, and 
50 c.c. of the hot boiled distilled water are added, followed 
by 50 c.c. of dilute sulphuric acid containing 25 c.c. of the 
strong acid in a litre, and 1 gram of coarsely powdered 
pumice. 

The flask is now connected by means of a perforated 
rubber stopper with the condensing apparatus shown in 
Fig. 136 taken from the Journal of the Society of Chemical 
Industry. 

In this apparatus the top outlet-tube for the condenser 
water should be larger than the mlet-tube, and a small glass Fia. 136 . — The 
plate should be attached below the rubber stopper to App^attjs^ 
prevent the mixture m the flask from being carried over 
by splashing. The receiver has a mark which represents a capacity for 
100 grams of water at 65° C. 

The distillation is started and is carried on at such a rate that the distillate 
fills the receiver to the mark m about 20 minutes. As soon as the distillation 
is finished, the flask and condenser-jacket are removed, and the side-tube 
is closed by a cork. A few drops of phenol-plithalem solution, and a known 
excess of from 5 to 10 c.c of decinoimal caustic soda solution are now intro- 
duced through the condenser-tube, which is then also closed with a cork. The 
volatile acids are then completely dissolved in the alkali-solution by warming 
the apparatus on the water-bath with frequent shaking. 

The resulting solution of the sodium salts of the volatile acids is trans- 
ferred to a 200 c.c. measuring-flask, and the condenser-tube is rinsed out 
several times with warm water into the flask. The volatile acids are then 
determined in the cooled liquid by difference by titrating the excess of alkali 
with decmormal sulphuric acid. 



554 


APPENDIX. 


The insoluble silver salts are now precipitated from this neutral liquid 
by adding decinormal silver nitrate solution about equal in amount to the 
decmormal alkali solution which was used, and 20 grams of pure sodium 
nitrate are added and dissolved by shaking the flask The liquid is then made 
up to 200 c c., is repeatedly shaken for about five minutes, and is filtered 
into a 175 c c. measuring-flask. 

The excess of silver nitrate is now determined in the clear liquid volumetri 
cally by adding a volume of decinormal sodium chloride solution, equivalent 
to seven-eighths of the volume of silver nitrate previously added, and deter- 
mining the excess of NaCl present by means of decinormal AgN0 3 solution, 
using five drops of saturated K 2 Cr0 4 solution as indicator ; and the difference 
between eight-sevenths of the number of c.c. of the sodium chloride solution 
required for the 175 c.c. and the volume of decinormal silver nitrate solution 
originally used, represents the number of c.c. equivalent to those fatty acids 
which have yielded insoluble silver salts. 

By subtracting this number from the number of c.c. of the decinormal alkali 
solution corresponding to the total volatile acids, the corresponding number 
of c.c. equivalent to the acids which would yield soluble silver salts is obtained. 

The calculation of the amounts of butter and of cocoa-nut or palm-kernel 
oil in a mixture is based by the author on the following values : 







Total volatile 

Silver salts 1 






acids 

Soluble 

Insoluble 

Butter 





32 

29 

3 

Cocoa-nut oil 

. 


9 

# 

20 

4 

16 

Palm-kernel oil 

• 

• 

• 

• 

15 

3 

12 


Example of Results obtained from a margarine mixtuie made from a known 
butter and containing 50 per cent, of the butter. 

N/ 10 alkali added to the volatile acids . . . . 24*7 c.o. 

N/10 H 2 S0 4 required to neutralise excess of alkali . 5 4 „ 

19 3 „ 

Deduction for blank experiment .... 0*3 „ 

N/10 alkali required by total volatile acids . 


19-0 „ (A) 
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N/10 silver nitrate added to salts of volatile acids . • 20*0 c.o 

N/10 sodium chloride added to 175 c.c. of filtrate . . 17*5 „ 

Excess of NaCl found in solution .... 6*8 „ 

N/10 sodium chloride required for excess of silver nitrate : 

10*7 x f 12 3 „ 


Equivalent of silver salt precipitated 


7*7 „ (B) 


Equivalent of volatile acids (A) . 

„ „ insoluble volatile acids (B) 

„ „ soluble volatile acids 


19-0 CO.', N, lm bera 

— " [ 

11-3 J 


found for 
the mixture 


And the butter used in the margarine mixture yielded by the same process : 

Equivalent of volatile acids . . . • . 26 7 c.o. 

„ „ insoluble volatile acids . . 4*1 „ 




»» 


tt 


soluble volatile acids 


22 6 



INDEX TO PROCESSES OF SEPARATION 


Note — In the separations enumerated below, the name of the substance sepa- 
rated is only entered once ; thus m the separation of silver and lead, the separation 
is only found under the heading silver, and not under lead. 







Paiagtaph 

Page 

Alkali metals from other metals in 

solution 



428, 429 

222 

Alkali metals from other metals in insoluble substances 

468 

234 

Aluminium — copper 







„ — magnesium 

,, — nickel 





510 

253 

„ — silver 







„ — tin 







Ammonium from any othci metal 

. 

. 

. . 

173, 614 

100, 297 

Ammonium from substances containing water 


571 

2S3 

Antimony from arsemo 





493 

242 

„ — copper . 


. 


. 

485, 4S6 

240 

„ — lead, copper, zinc, iron 



. 

501, 502 

245 

„ —tin . 


. 



502, 503 

246 

Calcium — magnesium 





426, 427 

221 

Cane-sugar — glucose . 





60S -703 

354 

Carbon in iron, free — combined 




525 532 

257 

Chloride — other substances 





149 

86 

Chromium — iron 





400 

207 

Coppei — all other metals 



. 


408 

214 

,, — certain metals 





| 218 

129 





1 405, 406 

212 

„ — cadmium 

. 


. 

| 

474, 475 

237 

,, — lead . • 





1 483-485 

239 






l 493 

242 

,, — lead, iron 





498, 499 

244 

„ — lead — antimony, tin 




500-503 

245 

„ — lead — arsenic, antimony 




493 

242 

„ — lead, zinc 

. 




496-498 

243 

„ — nickel, zmo . 

. 




507-509 

251 

„ — silver . 

. 




396, 397 

204 

,, — zinc 

. 



• • 

496, 497 

243 






/ 666-672 

331 

Fat — mineral matter, &c 

• 

. 

. 

• • 

J 747, 748 

384 






l 751 

385 
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Paragraph 

Page. 

Fatty acids in butter .... 



685-688 

341 

„ in soap . 


. 

721, 726 

372, 374 

„ — resin 



727, 730 

375, 378 

,, soluble — insoluble 



761, 763 

395, 397 

Gases from one another 


. 

871-885 

456 

Gold — silver .... 



578-582 

287 

Hardness, temporary— permanent 



627-633 

312 

Iron — aluminium 



424, 436 

220, 225 




f423, 426, 

220, 221 

,, „ — calcium, magnesium 

• 


{ 427 

222 

„ „ — manganese 

. . 

. 

435, 438 

224, 226 

„ „ phosphates— calcium and 

magnesium 



phosphate 



561 

280 

„ ferrous — ferric .... 



308, 323 

168, 175 

„ — manganese, zinc 



435 

224 

,, — nickel .... 

, 


508, 509 

251 

„ —nickel, aluminium, copper, arsenic 

, % 


541-544 

266 




f 497-499 

244 

„ — zinc ..... 

• 


1508, 509 

251 

Manganese — iron .... 

. 


435, 438 

224, 226 

Phosphate by molybdate 

. 


442, 519 

226, 255 

Phosphorus — iron 



538, 539 

265 

Potassium — sodium . 



428, 429 

222 

Sodium hydrate — sodium carbonate 



411 

214 

Silica — lead sulphate . 



473 

236 




,210,211 

125 

,, — metals . 

. 


| 457 

230 




[462-464 

232 

Silicon — iron 



536 

264 

Silver— copper, antimony . 



484-486 

240 

„ — lead 



f 483,484 

239 



1575-577 

286 

Sulphate — other substances 

. 


133 

79 

Sulphur — iron ..... 



534, 535 

263 

Sulphur — other substances . 



479 

238 

„ in coal, volatile and fixed 



549-552 

269 

Tannin — non-tannm .... 



711, 713 

364, 367 

Theme in tea — other constituents 



707 

359 

Tin — lead, copper, iron, zinc 



500-503 

245 

Titanium — silica, iron, &c. . 



523 

256 

Zmc — nickel 

. 


509 

252 

„ — other metals .... 

. 


404 

211 

0 , — silica, le id, copper, cadmium, iron, manganese 


473-478 

236 




GENERAL INDEX 


PAOB 


j^BSOLUTE alcohol, percentage by density 
„ volume .... 





. 510, 511 
• . 135 

„ weight .... 





• . 4 

Absorption reagents for gas analysis 





. . 455 

„ tubes, preparation of . 





. 107 

Accelerated filtration .... 





. 47-52 

Acetanilide, combustion of . • 





415, 413 

Acetyl value of oils and fats • • 





398, 519-523 

Acid value of oils and fats • 





388, 519-523 

Adam’s method for estimating milk-fat . 





. 333 

Agreement of measuring- vessels 





. 144 

Air, analysis of 





457, 476 

„ estimation of carbon dioxide in 





. 476 

,, percentage of oxygen in. 





. 527 

„ specific gravity of ... 





. 527 

„ weight of 1 c.o., and volume of 1 gram 





. 527 

Air-bath for evaporation 





41 

„ „ for heating sealed tubes . 





. 427 

Air oven for drying .... 





. . 33 

Albuminoid ammonia m water 





300, 327 

Alcohol in beer and wine, estimation of 





349 

„ tables from specific gravity 





. 510,511 

„ use of, for gas analysis 





. 455 

Alkali metals, estimation in limestone . 





. 222 

„ „ silicates 





. 234 

„ „ soap . 





374, 377 

„ sepai ation of . 





. 223 

Alloys, aluminium .... 





. 253 

„ tm-antimony .... 





. 245 

Alum, purification of . 





67 

Aluminium alloys, analysis of 





253, 545 

,, bronze, „ • 





. 253 

„ commercial, analysis of 





. 545 

„ estimation of 





78, 220 

„ in iron and steel 





. 267 

„ separation from iron • • 





220, 225, 267 

Ammonia, albuminoid, estimation of, in water, 

and results 


300, 327, 497 

„ cylinder .... 

. 

. 

. 


. 297 

„ distillation-flask . 

, 

. 

• 


. 297 

„ gasometric estimation of 

. 

• 

• 


458, 468, 472 


558 
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Ammonia, indirect estimation of . 





TJLQM 

. 159 

„ in water, estimation of, and results 



295, 297, 326, 497 

„ solution, strength from tho gravity 



. 

. 517 

Ammonium salts, estimation of, m water 

. 



. 

297, 326 

,, „ estimation of 

. 



100, 158, 159, 472 

,, molybdate solution, preparation of 



• • 

. 255 

Analyses, results of ... 




• • 

490-500 

Anthracite 




• • 

268, 495 

Antifriction metal, analysis of, and results 





245, 493 

Anti-logarithm tables .... 





. 530 

Antimony, gravimetric estimation of 





116, 246 

„ separation of, from tin 





. 246 

„ volumetric estimation of 





180, 249 

Antimony-tm alloys, analysis of . 





245, 247 

Apparatus for bench, list of . 





. 538 

,, for distilling water 





30, 534 

„ for preparation of gases 





. 532 

„ general list of 





. 538 

Appendix 





. 544 

Aqueous vapour, piessure of. 





505 

Argand- Wallace burner 




• • 

57 

Arsenate, estimation of 




• • 

97 

Arsenic, gravimetric estimation of 




• • 

. 119 

„ m iron and steel, estimation and results 




266, 494 

„ ore, valuation of 





. 205 

„ volumetric estimation of . 





. 181 

Arsonious oxide, purification of 





. 68 

Arsemte, standard solution of 





. 162 

Asbestos filter ..... 





51, 259 

Ash, determination of, m filter 





55 

„ estimation of, in coal or coke . 





. 269 

„ „ „ milk, in butter 





330, 340 

„ „ „ orgamo substances 





411 

„ „ „ sugar, in tea. 





354, 359 

Aspirator, water 





49, 105 

Assay, dry, for gold .... 





. 287 

» „ lead .... 





. 284 

„ „ silver .... 





. 286 

„ „ tin .... 





. 289 

Atomic weights, table of 





. 501 

Available chlorine, estimation of . 




161, 

, 171, 187 

JgALANCE, accuracy of 


. 



• 6 

„ adjustment of • 


. 



. 5 

„ description of . 


. 



1 

„ sensitiveness of. 


. 



5 

„ testing of . 


. 



5 

Barium, estimation of . . . . 

T 

1 



81 
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INDEX. 


PAGE 


Barium, indirect estimation of • 





157, 176 

Basic slag, analysis of, and results • 





282, 496 

Bauxite, analysis of 





. 548 

Beer, partial analysis of ... . 





. 348 

Benzene vapour, determination of density 





. 485 

„ „ estimation of, in coal gas 





458, 463 

Bismuth, estimation of . .... 





92 

Black Jack, analysis of .... 





. 236 

Black oxide of iron, analysis of 





. 254 

Blast-furnace gas, analysis of, and results 




458, 461, 499 

Bleaching- powder, description of . 




. 

. 161 

„ gasometric estimation of . 




. 

. 473 

„ volumetric estimation of . 




102, 171, 187 

Blende, analysis of, and lesults 





236, 492 

Blichfeldt’s method for foreign fats m butter . 





. 552 

Boat for combustion ..... 





269, 406 

Boiling-point, molecular weight by 





. 435 

„ of liquid, determination of 





. 22-25 

Bomb-calorimeter 





. 276 

Bone-meal, analysis of, and results • 





282, 496 

Books of reference ..... 





. 542 

Borate, estimation of 





. 128 

Boric acid, estimation of ... . 





. 128 

Bottle, specific gravity 

9 




15 

Brass, analysis of, and results . . 





243, 493 

Bromate, volumetric estimation of . 

• 




. 190 

Bromide, estimation of . 

• 




88, 194 

Bromine m organic substances, estimation of . 





424, 426 

„ m solution, volumetric estimation of 





. 187 

„ water for gas analysis 





. 455 

Bronze, analysis of, and results 





245, 493 

Bronze, aluminium, analysis of 





. 253 

Brown hasmatite, analysis of, and results 





254, 494 

Brown’s condenser ..... 





32 

Bunsen valve ...... 





. 165 

Burette, description and calibration of . 





141, 142 

„ use of weight ..... 





. 157 

Burner, Argand 





57 

„ Teclu 





59 

Burnt lime, analysis of, and results 





218, 490 

Butter, analysis of, and results 





339, 498 

„ fat, estimation of ... 





. 340 

„ „ preparation of . 





. 342 

„ flask, description of . 





. 345 

„ lorcign fats in 





. 341 

„ pioseivative . • 



. 


. 340 

„ rancidity. 

• 

. 

. 


, 348 
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pADMIUM, estimation of . 

^ Caffeine, determination of moleculai weight 
Calamine, analysis of . 

Calcium carbonate, pure, preparation of 
„ chloride tube, preparation of 

„ estimation of • 

„ indirect estimation of 
„ phosphate, titration of 
Calculation, by factors and logarithms 
examples of gravimetric 
of normal gas- volume, 
of results of analysis . 
of results of calibration 
of vapour density 
Calibiation of burettes. . • 

cylinders 
flasks 

gas-tubes, by mercury and by water 
Hempel burette 
Lunge nitrometer . 
measuring vessels . 
pipettes . 

Calorific power of fuel, estimation of, and results 
Calorimeters, description and use of 
Canal- water, gases dissolved in 
Cane-sugar, estimation of 

Capillary combustion-tube, for Hempel apparatus 
Carbon and hydrogen in organic substance, estimation of 
Carbon dioxide, estimation of, and results . . 103 -111 

„ „ in air, estimation of, and results 

„ „ preparation of 

Carbon in iron and steel, estimation of, and results 
Carbon monoxide, estimation of, and results . 

Carbonate, gasometno estimation of 
„ gravimetric estimation of 

„ of lead, dry assay of . 

Carius* method for halogens in organic substances 
Cassitente, assay of 
Cast-iron, analysis of, and results . 

Cathetometer, the 
Cements, analysis of, and results . 

Cement- mortars, analysis of . 

Centigrade scale, conversion of 
Centinorm&l solution, definition of. 

Characteristics of oils, fats and waxes 
Chemical reagents, list of 
Chemicals for analysis, list of 
Chloral hydrate, estimation of chlorine in 
Chlorate, gravimetric estimation of 


PAGE 

115, 131,237 
. 432 

. 236 

67 

105, 406 
84 

157, 176 
. 201 
72 

38, 60, 64, 71 
. 442 

. 72 

. 143 

484, 486 
. 142 

. 144 

. 137 

444, 448 
. 448 

. 447 

. 136 

. 139 

271-279, 495 
271-279 
. 500 

354, 358 
. 459 

403-413 
472, 499, 500 
476, 480 
. 534 

257-263, 494 
rr>, 457, 464, 499 
. 472 

103-111 
. 286 
. 426 

. 289 

257, 494 
446 
230, 491 
. 230 

. 524 

. 148 

518-523 
. 540 

541 
425,426 
. 89 

36 


457, 
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Chlorate, volumetric estimation of • 




. 190 

Chloride, gravimetric estimation of 




86 

„ m water, estimation of, and results 




303, 327, 497 

„ volumetric estimation of. 




194, 197 

Chlorine gas, estimation of . 




189, 468 

„ in bleaching- powder, estimation of 




. 102, 171, 187, 473 

„ in organic substance, estimation of 




424, 426 

„ m solution, estimation of 




. 186 

Chromate, gravimetric estimation of 




79 

„ volumetric estimation of 




. 189 

Chrome iron ore, valuation of 




. 207 

Chromed hide-powder, preparation of 




. 363 

Chromic anhydride, prepatalion of 




. 258 

Chromium, estimation of 




78 

Cinnabar, valuation of ... 




. 209 

Clark’s soap-test for hardness 




. 311 

„ softening process 




. 328 

„ table of hardness 




. 314 

Clay iron-stone, analysis of, and results 




224, 254, 491 

Coal, analysis of, and results . 




268, 495 

„ moisture and air-dried 




551, 552 

Coal-gas, analysis of, and results . 




458, 460, 462, 499 

Cobalt, estimation of . 




76, 130 

Cochineal solution, preparation of 




. 146 

Coefficient of expansion of gas 




443, 527 

Coke, analysis of .... 




. 268 

„ estimation of, in coal, and results 




268, 495 

Collection of gas-sample 




. 456 

„ water-sample . 




. 292 

Combined carbon in iron and stoel, estimation of, 

and results 

260, 494 

Combu 3 tion-furnace .... 

. 

. 

, 

405, 544 

Combustion of solid substances 

. 

, 


403, 414, 419, 426 

„ „ containing nitrogen. 


414, 419 

„ „ „ halogens. 


. 424 

„ volatile liquids 




. 412 

„ „ solids 




. 412 

Compressed gases, use of 




. 534 

Condensers, forms of . 




334, 350, 536 

Cones for filtering .... 




. . . 50, 52 

Contents 




. . 1X-XX1V 

Conversion of thermometne scales . 




. 524 

„ weights and measures 




.72,526 

Copper, colorimetric estimation of 




. 317 

„ electrolytic estimation of . 




. 129 

„ gravimetric estimation of . 




. 74, 214, 237 

„ m iron and steel, estimation and results 



266, 494 

„ m silver alloy, estimation of 

. 



204, 205 

„ in water, estimation of 

. 



. 317 

„ volumetric estimation of . 

• 



190, 197, 212, 213 
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Copper-ore, valuation of . . 




PAGE 

212-214 

Copper oxide for organic combustion 




. 406 

Copper- pyrites, analysis of, and result* 




211, 493 

Copper sulphate, pumice ..... 




. 106 

„ „ purification of . 




66 

Copper-zinc coup’e, for nitrate .... 




. 307 

Copiohtes, analysis of, and results. 




282, 495 

Correction for meniscus ..... 

, 



. 446 

„ of gas- volume for pressure, temperature and 

moistuie 


. 442 

Cribb’s condenser ...... 




. 537 

Crucible, Gooch’s perforated .... 




. 50 

„ Rose’s 




56 

Crum’s method of estimating nitrate and nitrite 




. 306 

Crystallisation of double salts 




66 

„ of simple salts «... 




65 

„ process of 




65 

Cupel, preparation of . 




. 286 

Cupellation, process of . . . 




. 286 

Cupric ammonium chloride solution, preparation of 




.67,259 

Cuprous chloride solution, preparation of, for gas- analysis 



. 455 

Curd in butter, estimation and results . 

Cyanide, gravimetric estimation of 




339, 498 
. 90 

„ volumetric estimation of ... 

. 



. 194 

Cylinders for measuring 

• 



. 143 


RECANTATION, ptocess of .... 

Decimal weights and measures, and conversion of 
Decinormal solution, definition of . 

Delivering liquid ...... 

„ vessels, description of . 

Density, see Specific Gravity 

Desiccation, process of ..... 
Desiccator, description of .... 
Dichromate, solution of potassium 
Diffusion-tube for organic combustion . 

Digester for heating sealed tubes .... 

Direct weighing 

Dissolved gases, estimation and analysis of 

„ „ in water, estimation and results of . 

„ solids in water ..... 

Distillation of water, apparatus for 
Distilled water, fice from organic matter 
Dolomite, analysis of, and results .... 
Double salts, pieparation of . 

Dry assay of galena 

„ „ gold-quartz 

„ „ lead oxide and carbonate . 

„ „ lead for silver 


. 44 

72, 524-526 
. 148 

. 136 

. 138 

28 

34 

. 164 

. 405 

. 427 

7 

. 468 

468, 499, 500 
294, 326 
30, 534 
. 536 

218, 490 
66 

. 284 

. 287 

. 285 

• 286 
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INDEX. 


Dry assay of tin-ore 
Drying above steam-heat 
„ at constant temperature 

„ at ordinary temperature 

„ at steam-heat 

„ m vaouo . 

„ ovens 
„ precipitates 
„ substances 

Dumas’ process for estimation of nitrogen 
„ vapour density process 

JJGGERTZ’S estimation of carbon in steel 
Electrolytic estimation of cadmium 
„ „ cobalt • 

„ „ copper . 

„ „ nickel . 

English weights and measures, and conversion of 
Entry, examples of . . 38, 60, 64, 71, 300, 401, 402, 

,, of weighing .... 

Equivalent decimal and English measures 
„ solutions, definition of 
Erdmann’s float for burette . 

Error of meniscus 
Estimations, gravimetric 
Ether, vapour density, determination of 
Ethylene, estimation of, and results 
Evaporation above steam-heat 
„ at steam-heat 

Examples of entry in Note-book, see Entry, examples of 
Expansion of water, table of. 

P ACTORS for gravimetric analysis, table of 

„ Lowcnthal’s process 

„ normal gas- volume, table of 

„ normal solutions . 

„ use of 

Fahrenheit scale, conversion of 
Fat in butter, estimation of . 

„ milk, calculation of . 

„ „ estimation of, and results 

Fats, oils and waxes, constitution and examination of 
„ „ table of characteristics , 

Fatty acids in soap, estimation of, and results 
Fehlmg-solution, pieparation of . 

Felspar, analysis of, and results . 

Feme salts, gravimetric estimation of . 

„ „ volumetric estimation of 


20 


410, 


72, 

460, 


72, 


FAGV 

289 
33 
544 
29, 34 
29 
35 

33, 544 
52 
28 
419 
484 

260 
131 
131 

129 

130 
524-526 
479, 487 

9 

524-526 
148 
142 
446 
73 
482 
>8, 499 
40 
39 


504 

502 
370 
155 
506 
72 
524 
340 
336 

331-336,497 
380 
518-522 
374, 378, 498 
, 355 

232, 492 
77 

168, 175 
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Ferrous ammonium sulphate, preparation of . 

„ salts, estimation of . 

„ sulphate solution for gas analysis 

Filter- ash, determination of . 

Filter-flask 

Filter- pump, use of 

Filtration, accelerated ..... 

„ process of . 

Flasks for measuring 

Fletcher burner ...... 

Float, Erdmann’s 

Fluoride, estimation of. 

Food analysis 

Foreign fats m butter, detection and estimation of 
„ substances m oils and fats • 
Formaldehyde, estimation of 
Forschammer oxygen process for water . 
Frankland’s water- analysis method 
Free alkali in soap, estimation of . 

„ carbon in iron, estimation of 
„ fat m soap, estimation of 
French weights and measures, tables of . 

Funnel- jacket for boiling water 
Furnace-gas, analysis of ... 

Fused silica vessels 


PAG! 

67 

. 77, 168, 176 
. 466 

66 
49 
47 

. 47-62 
44 

. 137 

69 

. 142 

. 127 

. 330 

. 341 

. 384 

. 185 

301, 327 
. 291 

372, 374 
. 263 

. 373 

. 625 

65 

457,499 

66 


Q. ALENA, analysis of, and results ♦ 




239, 492 

„ dry assay of 




. 284 

Garnet, analysis of ... 




. 232 

Gas analysis ..... 




. 440 

„ by the Hempel apparatus 




. . 460-464 

„ by the Lunge nitrometer . 




465-473 

Gas, coefficient of expansion of 




443, 527 

„ from blast furnace 




. 499 

Gases dissolved in water, estimation and results 



321, 468, 499, 500 

Geissler pump for filtration . 




49 

General rules for working 




69 

Generator gas, analysis of 




458, 461 

German-silver, analysis of, and results . 




. 251. 494 

Glass, analysis of, and results 




235, 492 

Glucose, estimation of . 




. 356 

Glycerine in soap, estimation of . 




. 378 

Gold-ore, assay of ... 




. 287 

Gooch’s perforated cone and crucible 




. . • 60 

Graduated vessels, description of . 




. . 135-144 

Graphite, estimation of, m iron, and results 




260, 494 

Gravimetric estimations 


• 

• 

73 

Gravity, original, in beer, estimation of • 

• 

• 

• 

. . . 361 
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INDEX. 


Grey s tone lime, analysis of, and results . 





PAGE 

230,490 

Guano, analysis of, and results 

. 


. 

. 

283,496 

Guard-tube for organic combustion 

• 


• 

• 

. 410 

JJ HEMATITE ORE, analysis of, and results . 
Halogens in organio substances, estimation of 





254, 494 




. 

. 424 

Hardness in water, estimation of, and results . 




310, 328, 497 

„ table of 





. 314 

Hehner’s estimation of hardness . 





. 314 

„ method, foreign fats m butter 





. 344 

Hehner value in fats and oils . • 




395, 

518-620 

Hempel’s gas-apparatus, applications of 





456, 459 

„ „ description of . 





. 450 

Hide-powder, estimation of tannin by . 





. 364 

Hot-air bath 





41 

„ oven for drying . 





33 

Hot-plate, for evaporation .... 





41 

Hydiochlono acid, normal solution of . 





. 156 

„ ,, percentage in solution, by gravity 




. 514 

H yd logon, gasometnc estimation of, and results 





459, 499 

„ preparation of ... . 





. 534 

„ specific gravity of 





. 527 

„ weight of 1 o.c., and volume of 1 gram 





. 627 

Hydrogen chloride gas, estimation of 





458, 468 

„ „ „ preparation of , 





. 534 

Hydrogen peroxide, gasometric estimation of 





. 473 

„ „ in solution „ „ 





. 177 

Hydrogen sulphide, gasometnc estimation of . 





458, 468 

„ „ gravimetric estimation of 





. 263 

„ „ preparation of 





. 534 

„ „ volumetric estimation of . 





. 183 

Hydrometer, description of . 





18 

Hyposulphite, gravimetiio estimation of 





84 

„ standard solution of 
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J. & A. Churchii l s 


THE CHEMICAL WORLD. 

A Monthly Journal of Chemistry and Chemical Engineering. 
Edited by W. P Drearer, F.I.C. 

'I he contents include Leading articles on Subjects of General Scientific 
Intel est Special articles on the advance in Chemical Science and Chemical 
hngineenng in all its Branches, Chemical Research and Theory Illustrated 
articles on Typical Chemical Industries Articles dealing with recent Advance 
and Discovery Legal News Sections dealing with Colloids, Brewing- 
Chemistry, Cellulose, textiles, Agricultural Chemistry India-Rubber, Oils and 
hats, Klectro-C hemistiv, Bio Chemistry, Filtration, En/ymes, Metallurgy, 
New Appaiatus, Photo Chemist! \ , Glass Manufacture, Colour Photography, 
Methods of Analysis, Chemical Engineering, etc , etc Peisonal Paragraphs 
Reviews of Books, Journals, etc. Meetings for the Month Special Reports 
of Scientific Meetings Commercial, Consular, Financial and Tiadc Notes , 
Patent Recoid Monthly Market Repoit. 

Subscription Price Great Britain, 6s per annum, post free. 
Abroad, 8s. per annum, post free 

\ A SlMCIMbN t >PV VVIIL UK feLNl U10N \P1 1 NATION 

TEXTBOOKS OF CHEMICAL RE- 

SEARCH AND ENGINEERING. 

Edited by W. P. Drearer, F.I.C. 

NOTES ON CHEMICAL RESEARCH. 

An account of certain conditions which apply to Original 
Inv estigation. 

By W. P. Drearer, F.I C., Member of Council of Institute of 
Chemistry ; Member of Council of Society of Dyers and Colourists. 
With a frontispiece of Michael Faraday. 78 pp., Crown 8vo, 
2s 6d net (1913) 

AN INTRODUCTION TO THE PHYSICS AND 
CHEMISTRY OF COLLOIDS. 

By Emit II-uschik. With if lllustiations 104 pp. Crown 
8vo, 2s. 6d, net. (1913) 

MOLECULAR PHYSICS. 

By J. A. Crow 1 her, M.A., Fellow of St. John’s College, Cam- 
bridge. Demonstrator in Physics at the Cavendish Laboratory. 
With 29 Illustrations, Crown 8vo. 176 pp , 3s. 6d. net. (1914) 

NOTES ON CHEMICAL ENGINEERING. 

By J. W. Hinchley, A.R.S.M., Wh., Sc. With 67 Illustrations, 
Crown 8vo. Nearly Ready. (1914) 

WHO’S WHO IN SCIENCE, 1914. 

Edited by H. H. Sierhenson. An International Biographical 
Directory of the World’s Leading Scientists. 84 pp., Royal 8vo, 
10s. 6d. net. 

— J. & A. Churchill — — 

2 



Science List 

QUANTITATIVE CHEMICAL AN- 

ALYSIS. 

Adapted for Use in the Laboratoties of Colleges and 
Technical Institutions. 

By Frank Clowes, D.Sc.Lond., Emeritus Professor of Chemistry 
in the University College, Nottingham , and J B» rnakd Cole- 
man, Assoc R.C.Sci Dublin, Head of the Chemical Dept , South 
Western Polytechnic, Chelsea. Tenth Edition. 136 Illustrations. 
602 pp. 8vo, 10s. 6d. net. 



Absorption Apparatus 

T HE above work was written as a text-book for advanced students in 
colleges and technical institutions , but since it treats somewhat iully ul 
technical analysis as well as of general analytical methods it has also been 
laigely used in the laboiatories of consulting and analytical chemists 
The book is intended to supplement lather than to replace oial instiuctinn and 
demonstration by the teacher, but it is confidently anticipated that the careful 
and detailed descriptions of the processes will diminish, in a somewhat unusual 
degree, the tutorial work of the teacher and the practical difficulties of the 
student. 

The subject-matter has been ananged in seven parts and may be briefly 
summarised as follows 

(1) The use of the balance, certain physical detcimmations, analytical 
operations 

(2) Gravimetric estimations made with simple metallic salts 

(3) Volumetric analysis, including the descnption of measuring vessels 
and their calibration 

(4) Complex analyses, including the analysis of ores, industrial products 
water, food, and organic substances. 

(5) Gas analysis and the determination of vapour-densities 
((>) Typical results of analyses , useful tables , factors for analysis , 
logauthms and atomic weights 

(7) Lists of c hcmicals and appaiatus lequired for the processes descnbcd 
in the book ( I( J I 4) 


*V U1 I All El) PROSPPC1US ON API I RATION 

J & A. Churchill 
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J. & A. Churchill’s 

ELEMENTARY PRACTICAL CHEM- 

ISTRY AND QUALITATIVE ANALYSIS. 

For Organised Science Schools and Schools generally. 

By Frank Clowi s, D.Sc.Lond., Emeritus Professor of Chemistry 
m the University College, Nottingham ; and J. Bernard 
Coleman, Assoc. R.C. Sc i. Dublin, Head of Chemical Department 
South-West London Polytechnic, Chelsea. With 96 Illustrations. 

Part I. GENERAL CHEMISTRY 
6th Edition 258 pp. Post 8vo. 3s 6d.net (1914) 

Pari II. ANALYTICAL CHEMISTRY. 

7th Edition 257 pp. Post 8vo. 3s. 6d net. (1914) 

QUALITATIVE ANALYSIS &> PRAC- 

TICAL CHEMISTRY. 

Adapted for Use in the Laboratories of Colleges and Schools 
By Fk\nk Ciowi-s, D Sc. Lo\j>., Emeritus Piofessot of Chem- 
istiy in the University College, Nottingham 8th Edition. 
102 Illustrations and Frontispiece. 542 pp. Post 8vo. 7s. 6d. 
net. (1908) 

COCOA AND CHOCOLATE. THEIR 

CHEMISTRY ANI) MANUFACTURE. 

By R Whymplr With 13 Plates and 19 Te\t Eiguies. 
340 pp. Royal 8 vo, 15s. net. (1912) 

THE SYNTHETIC USE OF METALS 

IN ORGANIC CHEMISTRY. 

By Ariiiur J H\n*, B Sc (Lond), A I C, Le^tuier and De- 
monstrator 111 Chemistry at the City and Guilds Technical 
College, Finsbury. 182 pp Crown 8vo 4s. 6d net (1914) 

THE PREPARATION OF ORGANIC 

COMPOUNDS. 

By E. De Barry IUknli 1, B.Sc., A.I.C. With 50 Illustrations. 
326 pp 8vo, 8s. 6d. net. (1912) 

MODERN STEEL ANALYSIS. A selec- 

tion of Practical Methods for the Chemical Analysis of 
Steel. 

By J. A Pickard, B.Sc, A.R C.Sc , A I C , Carnegie Research 
Scholar of the Iron and Steel Institute. With 10 Illustrations. 
i 36 pp. Crown 8\o. 3s.6d.net. ( I 9 I 4) 


J & A. Churchill 
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A COURSE OF PRACTICAL CHEMIS- 

TRY FOR THE USE OF PUBLIC SCHOOLS. 

By A Beresford Ryily, M A (Oxon ), Assistant Master, Malvern College 
Illustrated 164 pp Interleaved Fcap 4to, 4s 6d net (1909) 

MANUAL OF CHEMICAL TECHNO- 

LOGY. 

By Rudolf Wagner, Ph I> , Professor of Chemical Technology at the 
University of Wurtzburg Second English Edition. Translated and Edited 
by Sir Wm Crookes, F R S , from the Thirteenth Enlarged German Edition 
as remodelled by Ur Ferdinand Fischer With 596 Engiavmgs. 992 pp 
Royal 8vo, 32s. ( Repunted 1904) 

ANNUAL TABLES OF CONSTANTS 

AND NUMERICAL DATA, CHEMICAL, PHY- 
SICAL AND TECHNOLOGICAL. 

Compiled and published under the patronage of the International Association 
of Academies By the International Commission appointed by the Seventh 
International Congress of Applied Chemistry (London 1909) — With a complete 
'table of Contents in four languages (English, French, German, Italian) 

Vol I (for the year 1910) 766 pp 4to, Cloth Bound, 29s net, Paper 

Covers, 25s 6d net (1912) 

Vol II (tor the year 1911) 780 pp 4to Cloth Bound, 2Ss Gd net. Paper 

Covers, 25s 6d. net. (1913) 

A MANUAL OF CHEMISTRY, THEO- 

RETICAL AND PRACTICAL. 

By Sir Wili iam A Tildln, D Sc , F.R S , Professor of Chemistry m the 
Royal College of Science, London , Examiner in Chemistry to the Department 
of Science and Art With 2 Plates and 143 Woodcuts. 616 pp. Crown 8vo, 
ios (1897) 

CHEMISTRY OF CARBON COM- 

POUNDS OR ORGANIC CHEMISTRY. 

By Henry Watts, BA,, F R.S Second Edition By Sir William A, 
Tilden, D Sc , F R S. With Engravings 662 pp Crown 8vo, ios (1886) 

THE ELEMENTS OF CHEMISTRY. 

By M M Pattison Muir, M A , Fellow and Praelector in Chemistry of 
Gonville and Caius College, Cambridge With Illustrations 568 pp. 8vo, 
ios 6d net (1904) 

VOLUMETRIC ANALYSIS FOR 

PHARMACEUTICAL STUDENTS. 

By C H Hampshire, B Sc , Lond , A I C , Demonstrator in the Chemical 
Laboratories of the Pharmaceutical Society. Illustrated. 112 pp. Crown 
8vo, 3s 6d net. (1912) 


J & A Churchill 
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TREATISE ON GENERAL AND IN- 

DUSTRIAL CHEMISTRY. 

By Dr. Ettore Molinari, Professor of Industrial Chemistry to 
the Society for the Encouragement of Arts and Manufactures, 
and of Merceology, at the Commercial University, Luigi Bocconi, 
at Milan. 


INORGANIC. 

Translated from the Third Re- 
vised and Amplified Italian 
Edition by Ernest Feilmann, 
B.Sc., Ph.D., F I.C. 

Part I. General. 

„ II Non-Metals 
,, III. Metals. 

With 280 Text Figures and 
3 Plates 720 pp. Rojal 8vo 
21s net (1912) 

“This is certainly a remarkable 
if not unique book, and the Eng- 
lish translation should receive a cor- 
dial welcome Prof Molinari is a 
pioneer in the work of reforming the 
teaching of Chemistry, so that the 
\oung chemist on the completion of 
his training may have a clear and 
detinue knowledge of the piactical 
and economic aspects of chemical 
industry, and not be at an entire loss 
when he is called upon to take some 
part in the management of chemical 
prepat ations on a large scale ” — Tin 
Chttnual Ne a'? 

“Full details are given of the plant 
used m the modifications of various 
industrial processes, and the book not 
only gains in interest bv plan, but is 
also valuable as a source of reference 
for the technical chemist and patent 
agent . . An excellent feature is 

the descnption of the uses to which 
the various chemical products are 
applied, and the statistics of the 
values of the quantities annually 
manufactured 01 exported ” — Know- 
ledge, 


ORGANIC. 

Translated from the Second 
Enlarged and Revised Italian 
Edition by Thomas H. Pope, 
B.Sc., A.C.G.I , F.I C., School 
of Malting and Brewing, Uni- 
versity of Birmingham 

Part I General. 

Part II. Derivatives of 
Methane Hydrocarbons ; 
Halogen Derivatives of 
Hydrocarbons; Alcohols, 
Derivatives of Alcohols; 
Acids ; Derivatives of 
Acids ; Aldehydic or 
Ketomc Polyhydric Al- 
cohols. 

Part III. Cyclic Compounds; 
Isocyclic Compounds. 

With 506 Text Figures. 790 
pp. Royal 8vo, 24s. net. 

( I 9 I 3) 

“ For students taking up industrial 
chemistry as a profession the book 
provides an excellent text-book and a 
guide to more specialised treatises. 
. . , Covers a very wide range 

. . The illusti ations convey ex- 

cellent impressions of the numerous 
types of machinery employed ” — 
Tidnsaitwns of the Futaday Society , 


DETAILED PROSPECTUS ON Al PLICATION 


J & A. Chvrchilt 
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890 pp , Royal 8\ o. 

BLOXAM’S CHEMISTRY. 
INORGANIC AND ORGANIC. 

With Experiments. By Charles Loudon Bloxam. 

TENTH EDITION, Revised and Rewritten by Arthur G. 
Bloxam, F.I.C., Consulting Chemist and Chartered Patent Agent, 
and S. Judd Lewis, D.Sc., F.I.C., Consulting and Analytical 
Chemist. 

With Introduction by Prof J M. Thomson, F.R S. 

Contents. — Water — Air — Acids, Bases, Salts — Hydrogen — Halo- 
gen Group — Sulphur Group — Phosphorous Group — Carbon and 
Boron Groups — Argon Group — General Principles and Physical 
Chemistry — Chemistry of the Metals — Alkali Metal Group — 
Alkaline Earth Metal Group — Magnesium Group — Aluminium 
Group — Iron Group — Chromium Group — Antimony Group — Tm 
Group — Copper, Silver, Gold — Eighth Group — Organic Chemistry 
— Hydrocarbons — Alcohols, Aldehydes, Acids — Stereochemistry 
— Ketones, Ethers, Halogen Derivatives, Esters — Metal and 
Metalloid Derivatives— Ammonia Derivatives — Cyanogen and its 
Compounds — Phenols, Quinones — Carbohydrates — Glucosides — 
Proteins — Heterocyclic Compounds. 

1 he well-thumbed copies of this work, which are to be found on the shelves of the Publu 
Libraries, prove that the book has bten of continued seivue both to the student of 
Chcnustiy ami the general reader , uhuh was the object sit forth in the first edition 
The present editors have kept this tiadition constantly bcfoic them, ami while this 
edition retains the lucid explanations neassaiy fot the elementary student, it is believed 
to be still the most eompemlious noth on Chemistry m a single volume 1 he intiodmtion 
of precise details from original memoirs, which are outside the scope of the orelinary 
text-book, inn eases the encyclopaedic value of the work 

1 he development of physical chemistry has rendered necessary a re-cast mg of the various 
chapters on general principles Advantage has been taken of the change to include a 
fuller account of crystal structures, chemical constitution, stereochemistry, radioactivity, 
the periodic classification, etc , than is usual in any hooks but those devoted to these 
par tu ulcir subjects. ( 1 9 1 3) 

Of its usefulness as a book of reference there can be no question " 

The Chemist and Druggist 

ll Bloxam's Chemistry in its new form will be no less invaluable to the present 
generation of students than its predecessors were to their forefathers " 

Chemical Trade Journal 


1>L 1 A ILKD I'KOSl'ECTUS ON AITLICAI ION 
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J. & A. Churchill’s 


FATTY FOODS. THEIR PRACTICAL 


EXAMINATION. 


A Handbook for the use of Analytical and Technical Chemists 
By E Richards Bolton, F.C.S., Consulting Analyst & Technical 
Chemist, and ( i ( n Revis, Chief Chemist, Messrs. Welford and 
Sons, Ltd. With 7 Plates and 36 Text-figures 384 pp 8vo, 
10s. fid. net 



FkUII Ol \ I TAl LA CoMONL 

“Tins is <i \ulumc that no analyst can afford to be without ” —Journal of 
State Midit nu 

" A valuable refeience book foi the analyst and all interested in edible oils 
and fats ” -Ihtlletm of tin Impaml Institute 

“ 'I he book certainly invites criticism, but it must be on the whole a 
favourable criticism . . . The descriptions of the methods are models of 
lucidity ” — I he Analyst (1912J 

DETAILED l'NOSI’ECTL'S ON Al’1‘1 RATION 


THE PLANT ALKA- 

LOIDS. 

By T. A. HENRY, D Sc (Lond ), 
F C S. , Superintendent of Labora- 
tories, Scientific and Technical De- 
paitment, Imperial Institute, London 
474 pp 8\o, 1 8s net. 

( 1913 ) 

PRACTICAL CHEMIS- 
TRY. Qualitative Exercises 
and Analytical Tables for 
Students 

By J CAMPBELL BROWN. D.Sc,, 
LLD. Sixth Edition Revised by 
Dr G I) BENGOUGH 80 pp. 
8 \o 2s 6 d net. (1913) 


A MANUAL FOR MA- 
SONS, BRICKLAYERS, 
CONCRETE WORKERS, 
AND PLASTERERS 

ByJ VAN DER KLOES, Professor in 
the Science of Materials of Construc- 
tion in the University at Delft Revised 
and adapted to the requirements of 
British and American Readers, by 
A B SEARLE With 81 Illustra- 
tions 248 pp. 8s 6d. net. (1914) 

LABORATORY TEXT- 
BOOK OF CHEMISTRY. 
By V. SEYMOUR BRYANT, M.A , 
Assistant Master at Wellington Col- 
lege Part I. 252 pp Royal 4to, 
4s net. (1913) 


J. & A Churchill 
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LIQUID AIR, OXYGEN, NITROGEN. 

By GEORGES C I .A UDE, Engineer Laureate of thelnstitute of France. English 
Edition corroded and brought up-to-date by the author, and translated bv 
HENRY E. P. COTTRELL. Assoc M.I.C E.MS.C 1 , E.E.C I. With i 5 'i 
Illustrations. Royal 8vo. 18s. net. 

“ The book provides an admirable survey of the theory and practice of the liquefaction of air.” 

Chemical News . 

‘‘It is impossible to pass by the book in silence. There is a vacant place for it on our book- 
shelves devoted to English technical literature. It is concerned with a subject, the possibilities 
of which are, even yet, but dimly realized. It is written in a style charming in itself and unpre- 
cedented — we have no hesitation in using the word — in its frankness and humour. — The Engineer. 

DETAILED PROSPECTUS UPON APPLICATION. (1913) 



Experiment address km i*.» Akr. ..\ai i -■>. 


CHEMISTRY OF URINE. A Practical Guide to the 

Analytical Examination of Diabetic, Albuminous, and Gouty Urine. With 

Engravings. 208 pp , 8vo, 7s. 6d. 

By Aid K ED 11 . ALLEN, E.I.C., F.C.S., Public Analyst for the West 
Riding of Yorkshire, etc. ( I ^95) 

THE CHEMISTRY AND PHYSICS OF DYEING. 

Being an account of the relations between Fibres and Dyes, the formation 
of Lakes, and the general reactions of Colloids, and their solution state-. 

Illustrated by curves and numerous tabulated results. I»v \V. P. DK EAPEK. 
E. I C. E.C.S. , Member of Council oj Institute of Chemistry; Member of 
Council of Society of Dyers and Colourists. 328 pp. 8vo, 10s. Od. net. 

See also l\ige 2 . (1906) 
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INDUSTRIAL ORGANIC ANALYSIS. 

For the use of Technical and Analytical Chemists and 
Students. 

By Paul S Arup, B.Sc , A C G I , with a Foreword by J. C 
Irvine, D Sc., PhD, Professor of ( hemistry, University of 
St. Andrews. With 14 Illustrations 352 pp Crown 8vo, 7s 6d. 
net. (1913) 

“ The work is undoubtedly a \aluable contribution tow aids the solution of 
a problem which becomes more urgent every day viz , that of ‘bringing 
together the problem and the man competent to solve it,’ and of bridging the 
gap between academic and industrial chemistry ” — Eleitnuty 

“ Mr Arup’s book is to be welcomed heaitily, since it endeavours to show 
the student what manner of work is carried on in the technical laboratory, 
and how it is related to his own more orthodox experience ” —Sihool Woild 

II I ASK WRITE 1 OK DFTAIIFD I'ROSRFCIl S 

THE ANALYST’S LABORATORY 

COMPANION : a Collection of Tables and Data for 
Chemists and Students, together with numerous ex- 
amples of Chemical Calculations and concise Descrip- 
tions of several Analytical Processes. 

By Alfred E. Johnson, B Sc (Lond ), FIG, Assoc R C Sc I 
Fourth Edition 174 pp. (Town Svo, 6s 6d net. (191 2) 

MICROBIOLOGY FOR AGRICUL- 

CULTURAL AND DOMESTIC SCIENCE 
STUDENTS. 

Edited by Charles E. Marshaii, Professor of Bact. and 
Hygiene, Michigan Agricultural College. With 128 Illustrations. 
748 pp. 8 vo, 1 os. 6d. net. (1912) 

THE CONDUCTION OF ELEC- 
TRICITY THROUGH GASES AND RADIO- 
ACTIVITY. A Text-Book with Experiments. 

By R. K. McClung, M.A , D.Sc., Lecturer in Physics, University 
of Manitoba, Winnipeg, Manitoba. With 78 Illustrations 262 
pp. 8 vo, 7s. 6d. net (1910) 

RESEARCHES ON THE AFFINITIES 

OF THE ELEMENTS AND ON THE CAUSES 
OK THE CHEMICAL SIMILARITY OR DIS- 
SIMILARITY OF ELEMENTS AND COM- 
POUNDS. 

By Geoffrey Mari in, B.Sc With Illustrations, Tables and 
Appendices. 300 pp 8vo, 16s net. (1905) 

* * J. & A ClIURCHILl 

10 



Science List 

A HISTORY OF CHEMISTRY, from 

the Earliest Times till 
the Present Day. 

By tlie late James Camp- 
B E L L B R O W N , D . S C . ( Lo n d . ) , 
LL.D.(Abdn-), Professor 
of Chemistry, University 
of Liverpool. Edited by 
H. H. Brown. With a 
Portrait and 106 Illustra- 
tions. 

576 pp. 8vo, 10s. 6d. net. 

4 ‘ Prof. Brown’s book is en- 
riched with very many illustra- 
tions and bears every sign of 
being the result of deep and 
extensive study. It should be 
in the library of everyone 
inte ested in the history of 
Alchemy." — - Journal of the 
Chemical Society. (1913) 

A SYSTEMATIC HANDBOOK OF 

VOLUMETRIC ANALYSIS ; or, the Quantitative 
Estimation of Chemical Substances by measure, applied 
to Liquids, Solids and Gases. 

By Francis Sutton, F.I.C., F.C.S., Public Analyst for the County 
of Norfolk. Adapted to the requirements of Pure Chemical 
Research, Pathological Chemistry, Pharmacy, Metallurgy, Manu- 
facturing Chemistry, Photography, etc., and for the Valuation of 
Substances used in Commerce, Agriculture, and the Arts. Tenth 
Edition. Revised throughout, with numerous additions, by 
W. Lincolne Sutton, F.I.C., Public Analyst for the County 
of Suffolk, and Alfred E. Johnson, B.Sc.(Lond.), F.I.C., 
A.R.C.Sc.I. With 12 1 Engravings. 603 pp. 8vo, 21s.net. (1911). 

PRACTICAL CHEMISTRY 

By WILLIAM G. VALENTIN, F.C.S. , late Principal Demonstrator of 
Practical Chemistry in the Science Training Schools. 

Tenth Edition. By Dr. W. R. Hodgkinson, F.R.S.E., Professor 
of Chemistry and Physics in the Ordnance College, Woolwich. 
With 95 Engravings and Map of Spectra. 496 pp. 8vo, 10s. net. 

(1908). 
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FOURTH EDITION. BY SPECIALISTS. 

ALLEN’S COMMERCIAL ORGANIC 

ANALYSIS. 

A TREATISE on the Properties, Proximate Analytical Exam- 
inations, and Modes of Assaying the various Organic Chemicals 
and Products employed in the Arts, Manufactures, Medicines, etc. 
With Concise Methods for the Detection and Determination of 
their Impurities, Adulterations, and Products of Decomposition. 

Edited by W A Davis, B Sc., A.C.G I., Formerly Lecturer and 
Assistant in the Chemical Research Laboratory, City and Guilds 
College, Imperial College of Science and Technology, London 
(Volumes I. to VIII.); H. Leffmann, M.A., M.D., Professor of 
Chemistry and Toxicology in the Women’s Medical College of 
Pennsylvania (Volumes I. and II ) ; and S. S. Sadtlfr, S.B., Vice- 
President of the American Electro-Chemical Society , Member of the 
American Institute of Chemical Engineers (Volumes III. to VIII ) 

Vol I — Introduction, Alcohols, Wines and Potable Spirits, Malt and Malt 
Liquoi s, Yeast, Neutral Alcoholic Derivatives and Acid Derivatives of Alcohols, 
Sugars, Starch and its Isomerides, Paper and Paper-making Matei lals 586 pp 
8vo 86 Figuies. 21s. net (1909) 

Vol II — Fixed Oils, Fats and Waxes, Lard, Special Characters and Modes 
of Examining Fats, Oils, and Waxes, Butter Fat, Linseed Oil, Higher Fatty 
Acids, Soap, Glycerol, Cholesterol and Phytosterol, Wool Fat and Cloth Oils 
53 ° PP 8vo 14 Figures. 21s net (1910) 

Vol III — Hydrocarbons, Naphthalene and its Derivatives, Bitumens, 
Petroleum, Phenols, Aromatic Acids, Gallic Acid and its Allies, Phthalic Acid 
and the Phthaleins, Explosives 645 pp 8vo 25 Figures 21s. net (1910) 

Vol IV —Resins, Essential Oils, Hydrocarbons and Ketones of Essential 
Oils, Caoutchouc and Guttapercha, Special Characters of Individual Oils and 
Terpeneless Essential Oils 474 pp. 8vo, 21s net (1910) 

Vol V — Tannins, Analysis of Leather, Dyestuffs of Groups 6 to 12, 
Colouring Matters of Natural Ongm, Dyes and Colouring Matters (Classes 1 
to 5), Analysis of Colouring Matters, Inks, Carbon Papers, Typewriter Ribbons 
Colouring Matters in Foods 713 PP- 8vo 6 Figures. 21s net (1911) 

Vol VI — Amines and Hydrazines, Aniline and its Allies, Naphthylamines 
and Coal Tar Bases, Alkaloids (Geneial), Volatile Bases, Nicotine and Tobacco 
Products, Aconite Bases and Atropine, Coca Alkaloids, Opium, Strychnos 
Alkaloids, Cinchona Alkaloids Berberme, Cafleine (Tea and Coffee), Cocoa 
and Chocolate. 736 pp. 8vo 8 Figures. 21s net (1912) 

Vol VII — Vegetable Alkaloids, Ptomaines or Putrefaction Bases, Gluco- 
sides, Non-Glucosidal Bitter Principles, Animal Bases, Animal Acids, Cyanogen 
and its Derivatives, Lactic Acid 574 pp 8vo. 28 Figures. 21s net (1913) 

Vol VIII —Enzymes, The Proteins and Albuminoid Substances, Proteins 
of Plants, Proteins of Milk, Milk, Milk Products, Meat and Meat Products, 
Digestion Products of the Piotems, Haemoglobin and its Dematnes, Albu- 
minoids or Scleroproteins, Fibroids 706 pp 8vo 60 Figures 21s.net (1914) 

Chemical Nrtvs “In order to ensure the greatest possible efficiency, the articles dealing; 
with different subjects have been allotted to specialists in the various branches, and thus English 
and American authors have collaborated to produce the most complete and authontathe text-book 
on technical analysis in the English language ” 

7 he Lancet “Contains all that is known up to the present date on the subject of accurate 
analytical methods applied to commercial organic analysis " 

PLEASE WRIT* POR Dr TAILED 1’ROSPLCTUS. 

— J & A Churchill — — — 
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A SYSTEM OF IN- 
STRUCTION IN CHEMI- 
CAL ANALYSIS. 

By REMIGIUS FRESENIUS, Pro- 
fessor of Chemistry and Director of 
the Chemical Laboratory at Wies- 
baden 

Qualitative. Tenth Edition. 
Translated from the Fifteenth Ger- 
man Edition, and Edited bv Charles 
E Groves, F R S With 46 En- 
gravings and Plate of Spectrum Analy- 
sis 481 pp. 8vo, 15s (1887) 

Quantitative. Seventh Edition. 
Vol I Translated by Arthur 
Vacher With 106 Engravings, 
524 pp 8vo, 15s (1876) 

Vol II Translated by Charles E. 
Groves, F R S With 143 Engrav- 
ings 712 pp 8vo, 20s (1900) 

CHEMICAL TECH- 

NOLOGY ; or Chemistry in 
its Application to Arts and 
Manufactures. 

Edited by CHARLES EDWARD 
GROVES, F R.S , WILLIAM 
THORP, B Sc , and W J DIB- 
DIN, F I C. 

Vol. I Fuel and its Appli- 
cations. — By E J Mills, D Sc , 
F R S , and F J Rowan, C E 
With 7 Plates (2 coloured) and 606 
Engravings 802 pp Royal 8vo, 
30s (1889) 

Vol. II Lighting. — Fats and 
Oils, by W. Y Deni , Stearine In- 
dustry, by J McArthur, Candle 
Manufacture, by L Field and F. A 
Field ; The Petroleum Industry and 
Lamps, by Sir Boverton Redwood , 
Miners’ Safety Lamps, by Sir B 
Redwood and D. A Louis. With 
358 Engravings 400 pp. Royal 

8vo, 20s. (1895) 

Vol. III. Gas Lighting. -By 

Charles Hunt With 2 Plates and 

292 Engiavings. 340 pp. Royal 

8vo, 18s. (1900 j 

Vol. IV. Electric Lighting. — 

By A. G. Cooke, M A., A M I E E 
Photometry.— By W J Dibdin, 
F.I.C , F C S With 10 Plates and 
1 81 Engravings 396 pp Royal 

8vo, 20 •» (1903; 


THE CHEMISTRY OF 

THE TERPENES. 

Bv F IIEUSLEK, Ph D , Bonn Uni- 
versity Translated and Enlarged 
by F J Pond, Ph D , Pennsylvania 
State College 472 pp 8vo, 17s net. 

(1902) 

QUANTITATIVE 

ANALYSIS IN PRACTICE. 

I 3 y J WADDELL, BA, D Sc., 
Ph II , Assistant Professor of Chem- 
istry, Queen’s University, Kingston, 
Canada An introductory course de- 
signed for Colleges and Universities. 
170 pp. 8vo, 4s 6d. net (1913) 

INTRODUCTION TO 

CHEMICAL ANALYSIS. 

By HUGH C. H CANDY, B.A., 
B Sc , Lecturer on Chemistry in the 
London Hospital Medical College 
126 pp Crown 8vo, 3s 6d net, 
( I 9°5) 

A TEXT - BOOK OF 

PHYSICAL CHEMISTRY, 
THEORY AND PRACTICE. 

By ARTHUR W EWELL, Ph D , 
Assistant Professor of Physics, Poly- 
technic Institute, Worcester, Mass 
With 102 Illustrations and 63 Tables. 
380 pp 8vo, 9s. 6d. net (1910) 


A SYSTEM OF INOR- 

GANIC CHEMISTRY. 

By SIR WILLIAM RAMSAY, 
K C.B , Ph D , F R S , Professor of 
Chemistry m University College, 
London With Engravings 700 pp. 
8vo, 15s (1891) 


ELEMENTARY SYS- 
TEMATIC CHEMISTRY ; 
for the use of Schools and 
Colleges. 

Also by SIR WILLIAM RAMSAY 
With Engravings 360 pp. Crown 
8vo, 4s 6d. Interleaved for Notes, 
5s 6d (1891) 
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J. & A. Churchill’s 

THE EXAMINATION OF WATERS 

AND WATER SUPPLIES. 

By John C. Tiirlsh, D.Sc., M.D., D P.H Lecturer on Public 
Health, London Hospital Medical College; Medical Officer of 
Health, Esse\ County Council. Second Edition. With 33 Illus- 
trations. 664 pp. Royal 8vo, 18s. net. 



“ The second edition 1-. worthy of a still molt favourable reception than was 
accoided to the first ” — IZdinbrngh Mutual Journal 

" The work mav be considered indispensable to those who would have 
information concerning the various sources of supply which may exist in any 
district ” Uumnal Woild (1913) 

"The hook is very complete in its scope, and is now quite a standard 
woik. . . We can strongly recommend this volume as a complete reliable 
guide and book of leterence. " — Journal of Slat ? Midnnu 

Alsobylh.J C Thresh. 

A SIMPLE METHOD OF WATER 

ANALYSIS. 

Especially designed for the use of Medical Officers of Health. 

7th Edition. 66 pp. Fcap. 8vo. 2s.6d.net. ( 19 12) 
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THE THEORY AND PRACTICE OF 

HYGIENE (Nottkr & Firth) 

By R. H. Firth, F R C S , Lt -Col R A M.C., late Professor in 
the Royal Army Medical College Third Edition 22 Plates and 
193 Text Figures 21s net (1908) 

“ There is no other one columul woik of the size whuh tan compare with this m 
utility and tonctnunce . ” — Public Health 

By the same Author 

MILITARY HYGIENE: A MANUAL 

OF SANITATION FOR SOLDIERS. 

With 40 Illustrations 306 pp. Crown 8vo, 3s 6d net. (190S) 

FOODS AND THEIR ADULTERA- 

TION. Origin, Manufacture and Composition of 
Food Products ; Description of Common Adulterations, 
Food Standards and National Food Laws and Regu- 
lations. 

By IIvrvey W Wiley, MD, PhD, Chief of Bureau of 
Chemistry of the U S. Department of Agriculture, Washington 
Second Edition. With n Coloured Plates, and 87 other Illustra- 
tions 654 pp. 2IS net (1911) 

Science of New York savs "The book neats systematically and quite 
exhaustively of all the pimcipal food products, dealing in turn with their 
manufacture, properties and composition, forms of adulteration and dietetic 
value, and including much information of a general nature concerning them 
Beginning with the animal foods, it then covers meats and the various meat 
preparations, fish, milk and its products, and oleomargarine Then follow 
the vegetable foods, cereals, vegetables proper, condiments, fiuits, sugar, 
syrup, confectionery, honey, and finally infants’ and invalids’ foods ” 

TEXT-BOOK OF MEAT HYGIENE, 

With Special Consideration of Ante-mortem and Post- 
mortem Inspection of Food-producing Animals. 

By Richard Kdelmann, Ph D , Professor at the Royal 
Veterinary High School, Dresden Authorised Translation by 
J R Mohler, AM, V M I) , Chief of Pathological Division, 
U.S. Bureau of Animal Industry, and A Eichhorn, D V.S , 
Senior Bacteriologist, Pathological Division, U S Bureau ot 
Animal Industry, With 5 Coloured Plates and 152 Illustrations 
398 pp. 8 vo, 2 is. net. (1912) 
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PRESERVATIVES IN FOOD, AND 

FOOD EXAMINATION. 

By J. C. Thresh, M.D. , and A. E. Porter, M.D., Medical 
Officer of Health, County and Borough of Reigate; late Demon- 
strator of Public Health, Leeds University. With 8 Plates. 
499 pp. Royal 8vo. 14s.net 

The Lancet says "The book will be valued for its excellent chapters on 
the methods and substances commonly used in the preservation and colouring 
of foods as well as for the sound directions given for the detection of such 
preservatives " (1906) 


A GUIDE TO THE 
MICROSCOPICAL EX- 
AMIN ATION OF DRIN K- 
ING WATER. 

By SIR JOHN D MACDONALD, 
K C B , M D , F I< S , Ex Professor 
of Naval Hygiene, Army Medical 
School With an Appendix on the 
Microscopical Examination of air 
Second Edition With 25 Litho- 
graphic Plates, containing many 
Figures, bvo, 7s 6d. (1883) 

A TREATISE ON 
HYGIENE AND PUBLIC 
HEALTH. 

By SIR THOMAS STEVENSON, 
M D , F K C P , Lectuier on Chem- 
istry and on Medical Jurisprudence 
at Guy's Hospital , Official Analyst 
to the Home Office, ami SIR 
SHIRLEY F MURPHY, Medical 
Officer of Health of the Adminis- 
trative County of London (Editors) 
In Three Volumes Royal 8vo 
Vol I With 9 Plates and 186 En- 
gravings. Second Edition. 1,013 pp 
Roval 8vo, 28s (1896) 

Vol II With 45 Plates and 54 En- 
gravings 847PP Roy 8vo,32s (1893) 
Vol. III. 460 pp Roy 8vo, 20s. (1894) 

THE MICROSCOPICAL 
EXAMINATION OF 
FOODS AND DRUGS. 

A Practical Introduction to the 
Methods adopted in the Microscopical 
Examination of hoods and Drugs in 
the Entire Crushed and Powdered 
states By H G. GREENISH, F.I C , 
F L S , Professor of Pharmaceutics 
to the Pharmaceutical Society of 
Great Britain, and Director of the 
Pharmacy Re earch Laboratory 
Second Edition With 209 Illus- 
trations, 406 pp Royal 8vo, 
12s. 6d. net (1910) 


THE ORGANIC ANA- 
LYSIS OF POTABLE 
WATERS. 

By J A BLAIR, MH,CM,DSc. 
Edin , L R C P Lond Second Edi- 
tion 120 pp Cr 8vo, 3s Gd (1891) 

AN ANATOMICAL 
ATLAS OF VEGETABLE 
POWDERS, an Indispens- 
able Aid to the Microscopic 
Analysis of Powdered Foods 
and Drugs. 

By Professor H G GREENISH 
and EUGENE COLLIN With 138 
Ulus. 238 pp 4to, 12s 6d net ^1904) 

LESSONS ON ELE- 
MENTARY HYGIENE 
AND SANITATION, 
with Special Reference to the 
Tropics. 

By W T PROUT, C.M G , M B , 
C M Edin , Medical Adviser to the 
Colonial Office, Hon Lecturer, 
School of Tropical Medicine, Liver- 
pool Thud Edition With Go Illus 
204 pp 8vo, 2s Gd net (1913) 

A HANDBOOK OF 
HYGIENE AND SANI- 
TARY SCIENCE. 

ByGEORGE WILSON, M A ,M D , 
LLD.DPH Camb , Medical Offi- 
cer of Health for Mid -Warwick shire 
Eighth Edition. With Engravings. 
825 pp. Post 8vo, 12s. Gd. (1898) 

MANUAL of HYGIENE. 

By W H HAMER, M D , D P H , 
F RCP„ Lecturer on Public Health 
St Bartholomew's Hospital, Assis- 
tant Medical Officer of Health of the 
Administrative County of London 
With 93 Illustrations. 634 pp 8vo, 
1 2s Gd net. (1902) 
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A TEXT-BOOK OF PHYSICS. 

By A. Wilmer DurF, D.Sc., Professor of Physics, Polytechnic 
Institute, Worcester, Mass, Third Edition. 595 figures. 702 pp. 
8vo, 10s. 6d. net. (1913) 

A HANDBOOK OF PHYSICS AND 

CHEMISTRY, adapted to the Requirements of the 
First Examination of the Conjoint Medical Board, 
and for general use. 

By H. E. Corbin, B Sc. (Lond ), M.R.C.S , L.R.C P., Medical 
Superintendent, London Fever Hospital ; and A. M. Stewart, 
M A , B.S.(Lond ), Headmaster, Alresford Grammar School. 
Fourth Edition. With 183 Illustrations. 528 pp. Crown 8vo, 
7s.6d.net. ( I 9 11 ) 

MOLECULAR PHYSICS. 

By J A. Crowther, M.A., Fellow of St. John’s College, Cam- 
bridge; Demonstrator in Physics at the Cavendish Laboratory. 
With 29 Illustrations. Crown 8vo, 176 pp., 3s. 6d. net. (19 14) 

PHYSICAL MEASUREMENTS. 

By A. Wilmer Duff, D.Sc., Professor of Physics in the 
Worcester Polytechnic Institute; and A. W. Ewell, Ph.D , 
Assistant Professor of Physics, Worcester Polytechnic Institute. 
Second Edition. With 78 Illustrations. 268 pp. 8vo, 73. 6d. net. 

( r 9 rl ) 

A TREATISE ON PHYSICS. 

Vol, I. Dynamics and Properties of Matter. 

By Andrew Gray, LL.D., F.R.S., Professor of Natural Philosophy 
in the University of Glasgow. With 350 Illustrations. 712 pp. 
8vo, 15s. (190O 

AN INTRODUCTION TO PHYSICAL 

MEASUREMENTS. 

With Appendices on Absolute Electrical Measurement, etc. 

By Dr. F. Kohlrausch. Third Edition. Translated from the 
Seventh German Edition by Thomas Hutchinson Waller, B A., 
B.Sc., and Henry Richardson Procter, F.I.C., F.C.S. With 
91 Engravings. 476 pp. 8vo, 12s. 6d. (1894) 
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THE HORTICULTURAL RECORD. 

A Unique Work Indispensable to everyone interested 
in the History and Practice of Horticulture. 

Dedicatid by speual permission to His Most Guuious Majtsty King George V. 

By Reginald Corv. Magnificently Illustrated with 117 Plates 
in Colour and 71 Black and White Figures. 516 pages. Quarto. 
jQ 2 2s. od. net. 

CONTENTS • 

PART I. 

Rock Gardens. By Reginald Farrer. 

Roses. By H. R. Darlington. 

Trees and Shrubs. By W. J. Bean. 

Sweet Peas. By W. Cuthbertson. 

Sto\e Foliage Plants. By W. Watson, A.L.S. 
Orchids. By James O’Brien, V M H. 

Ferns. By Chas. T. Druery, V.M 11 . 

Greenhouse Plants. By C. H. Curtis. 

Fruits. By E. A. Bunyard. 

Vegetables. By G. F. Tmley. 

PART II. 

Contributions on Science and Education. 

Official Report of the Royal Exhibition (1912). 

List of Awards and Prizewinners. 

PART III. 

Illustrations — Colouied Plates— Half Tones. 

The Horticultural Record presents a brilliant record of the greatest 
event 111 the history of gardening in these Isles, namely, the Royal 
International Horticultural Exhibition, which was opened by their 
Majesties the King and Queen in May, 1912. The plates are 
reproduced from actual photographs, and they preserve for all 
time the chief characteristics of the great Exhibition. 

DKTAIIED I’KOSI’KCIU* UION APPLK VI ION 


“ Every sa ions student of hoitnidtun should add this book to lus library, in order 
to take pleasine /torn tinning ovei its pagis, and to gam piofit by using it as a work of 
1 1 fei i me."— Knowledge. 

“ 1 ui 1 ej ul mspntion fails to find anything that is not praiseivorthy ’ 

— Tin. Standard. 

“ I Vc congrntuhiti thi Editor and Contributors, and we wish Mi. Gory's enterprise 
the success it so rnhly desirves ” — The Gardeners’ Chronici l. 
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THE STORY of PLANT LIFE IN THE 

BRITISH ISLES. 


By 

A. R. Horwood 

(Leicester Museum), 
Member of the 
British Botanical 
Society, Ecological, 
Conchological 
Societies, etc. 

Vol. I. 

Illustrated with 
73 Photographs. 
268 pp. 
Crown 8 vo, 

6s. 6d. net. 

(190) 

Vol. II. 

Illustrated with 
76 Photographs, 
Crown 8vo. 
[Nearly Ready.) 

Vol. III. 

(In the Press.) 
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Teasel Head. 

PLEASE WRITE FOR DETAILED PROSPECTUS. 


THE STUDENT’S 
GUIDE TO SYSTEM- 
ATIC BOTANY, including 
the Classification of Plants 
and Descriptive Botany. 

By ROBERT BENTLEY, F.L.S., 
M.R.C.S , late Emeritus Professor 
of Botany in King's College, and to 
the Pharmaceutical Society. With 
357 Engravings. 178 pp. Fcap. 8vo, 
3s. 6d. 

(1884) 

PLANT ANATOMY & 
HANDBOOK OF MICRO- 
TECHNIC, from the Stand- 
point of the Development and 
Functions of the Tissues. 

By WILLIAM CHASE STEVENS, 
Professor of Botany in the University 
of Kansas. Second Edition. With 
152 Engravings. 379 pp. 8vo, 10s. 6d. 
net. 

( 1 9 T O) 
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AN INTRODUCTION 
TO VEGETABLE PHY- 
SIOLOGY. 

By J. REYNOLDS GREEN, Sc. D., 
M.A., F. R.S , Fellow of Downing 
College, Cambridge ; late Professor 
of Botany to the Pharmaceutical 
Society. Third Edition. With 182 
Illustrations. 492 pp. 8vo, 10s. 6d. 
net. ( 191 r ) 

A MANUALo/BOTANY. 

Vol. I. Morphology and Anatomy. 
Crown 8vo. Third Edition. With 
778 Engravings. 407 pp. 7s. 6d. 

(1904) 

A MANUAL of STRUC- 
TURAL BOTANY. An 
Introductory Text-book for 
Students of Science and 
Pharmacy. 

By HENRY H. RUSBY, M.D , 
Professor of Materia Medica, Colum- 
bia University. With 599 Illustra- 
tions. 248 pp. 10s.6d.net. (1912) 
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THE MICROSCOPE AND ITS REVE- 

LATIONS. 

By William B. Carpenter, CB, M.D , LL D., F.R S. 
Edited by Rev. W. H. Dallinger, LL.D., F.R.S , with 23 
Plates and more than 800 Figures in the Text. Eighth Edition. 
1,200 pp. 8vo, cloth, 28s. (1901) 

Also in two volumes, sold separately. 

Vol. I. The Microscope and its Accessories. Cloth, 14s 
Vol. II. The Microscope, its Revelations. Cloth, 14s. 

THE MICROTOMIST’S VADE MECUM. 

A HANDBOOK OF THE METHODS OF MICRO- 
SCOPIC ANATOMY. 

liy Arthur Bolles Lee. Seventh Edition. 5 36 pp 8\o. 
15s. net. (1913) 

GUIDE TO THE SCIENCE OF PHOTO- 

MICROGRAPHY. 

By Edward C. Bousfield, L R C P Lond Second Edition 
With 34 Engravings and Glass-print Frontispiece. 174 pp. 8vo, 6s 

(1892) 

METHODS AND FORMULA USED IN 

THE PREPARATION OF ANIMAL AND 
VEGETABLE TISSUES FOR MICROSCOPICAL 
EXAMINATION, INCLUDING THE STAINING 
OF BACTERIA. 

By Peter Wyatt Squire, F.L.S , F.C S. 93 pp. Crown 8vo, 
3s. 6d, (1892) 

QUARTERLY JOURNAL OF MICRO- 

SCOPICAL SCIENCE. 

Edited by Sir E. Ray Lanklster, K C B , M A., LL D , F.R S., 
with the Co-operation of Sidney J Hickson, M A, FRS, 

E. A Minchin, M.A., F R.S , Gilbert C. Bournp, M A , D Sc , 

F. R S , and J. Graham Kerr, M.A., F R S. Published irregularly. 
Price 10s. net. Back numbers still m print 10s. net each 

CONTRIBUTIONS TO THE KNOW- 
LEDGE OF RHABDOPI.EURA AND AMPHI- 
OXUS. 

By Sir E. Ray Lankester, K C.B., F.R.S. With 10 Plates. 
Royal 4to. 5s. net. (1889) 
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THE CYCLOPAEDIA OF PRACTICAL 

RECEIPTS, and Collateral Information in the Arts, 
Manufactures, Professions, and Trades, including 
Medicine, Pharmacy, Hygiene, and Domestic Economy. 

By ARNOLD J COOLEY Designed as a Comprehensive Supplement to 
the Pharmacopoeia and General Book of Reference for the Manufacturer, 
Tradesman, Amateur, and Heads of Families Seventh Edition By 
WILLIAM NOR ril, M A , F C S , assisted by several scientific contributots 
With 371 Engravings 2 vols 1,827 pp 8vo, 42s. (1892) 

THE BOOK OF RECEIPTS : containing 

a Veterinary Materia Medica, with Prescriptions illus- 
trating the Employment of Drugs in General Use for 
the Treatment of the more Common Ailments of 
Animals. 

Compiising also a Pharmaceutical Lormulaiy for the Manufacture of 
Pioprietary Articles, Toilet Prcpaiations Dietetic Articles, Household 
Specialities, etc A Photogiaphic Formulary A Svnopsis of Practical 
Methods employed 111 the Examination of IJiine, Milk, Potable Waters, 
Sputum, etc , together with numerous Chemical and other Tables likely to 
he of use to Pliaimacists and Manufacturers Bv V W LUCAS, 1 ' I C , 
F C S., Late Examine! at the Phaimaccutical Society of Great Bntam (The 
Ivlev enth Edition of Beasley’s Book ) With 10 Plates 460 pp. Crown 
8 vo, 7s Gd net (1Q07) 

THE PRINCIPLES OF AEROPLANE 

CONSTRUCTION, with Calculations, Formula: and 
51 Diagrams. 

By RANKIN KENNEDY, C h 14(1 pp. 8vo, 5s net (iyn) 

A MANUAL OF DENTAL ANATOMY, 

HUMAN AND COMPARATIVE. 

By CM VRLES S TOMES, M A , F R S Seventh Edition With many 
F'ngiavmgs (Ready Autumn 1914) 

THE LABYRINTH OF ANIMALS, 
INCLUDING MAMMALS, BIRDS, REPTILES 
AND AMPHIBIANS. 

By ALBERT A GRAY, M D (das , F R S E , Surgeon for Diseases of the 
F 2 ar to the Victoria lnfirmarv. Glasgow Volume I With 31 Stereoscopic 
Plates 210 pp With Stereoscope, 21s net Vol II With 45 Plates 265 
pp 25s net (1908) 

THE COMPARATIVE ANATOMY 

OF THE DOMESTICATED ANIMALS. 

By A CIIAUVEAU, M D , LL D , Inspector-General of Veterinary Schools 
in F'rance ; Professor at the Museum of Natural History, Paris , and S 
ARLOING, Director of the Lyons Vetei inary School , Translated and Edited 
by GlvORGE FLEMING, late Principal Veterinary Surgeon to the British 
Army Second Edition With 585 Engiavings 1084 pp 8vo, 31s 6d 

. (1891) 
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A MANUAL OF BACTERIOLOGY. 

13y R. Tanner IlrwLEir, M D , F.R C P., D P.H , Professor 
of Bacteriology in the Unnersity of London. Fifth Edition. 
With 26 Plates and 69 Text Figures G80 pp 8vo 10s. 6d net 

O914) 

ELEMENTARY BACTERIOLOGY &> 

PROTOZOOLOGY. The Microbiological Causes of 
the Infectious Diseases. 

By Hkrueri Fox, M D., Director of the William Pepper 
Laboratory of Clinical Medicine in the University of Pennsyl- 
vania. With 5 ('domed Plates and 67 Engravings. 238 pp. 
Frown 8\o, 6s. 6d. net. ( 1 9 1 3) 

LESSONS IN DISINFECTION AND 

STERILISATION : an Elementary Course of Bac- 
teriology, with Experiments. 

By F. W Andrlwis, M D , F R (\P , Lectuier on Pathology, 
St. Bartholomew’s Hospital , Professor of Pathology in the 
University of London. Second Edition. With 31 Illustrations. 
222 pp. Crown 8vo, 3s. 6d. net. (i9°7) 

THE CELL AS THE UNIT OF LIFE, 

and other Lectures delivered at the Royal Institution, 
London, 1899-1902. An Introduction to Biology. 

By Aii an Maciadyln, M D., B.Sc. Edited by R. Tanner 
Htwip 1 i, M.D., F.R.C.P. 400 pp. Svo, 7s bd.net. (1908) 

THE FUNCTIONAL INERTIA OF 

LIVING MATTER : a Contribution to the Physio- 
logical Theory of Life. 

By David Frasi r Harris, M D , C M , D.Sc. (Loud ), F.R.S.E , 
Professor of Physiology, Dalhousie University, Halifax With 
12 Illustrations 148 pp 8vo, 5s net (1908) 

THE EVOLUTION OF THE VERTE- 

BRATES AND THEIR KIN. 

ByWiriJAM Patten, Ph. I)., Professor of Zoology, and Head 
of the Department of Biology in Dartmouth College, Hanover, 
NIL With 309 Illustrations. 508 pp. Royal 8\o, 21s. net. 

(1912) 
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